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GCRN and GCRS are the two halves of the Gold Coast Room of the University Center,

Room 207 1s entered from the second floor lounge of the University Center. (R ; }

Telephone number at Con- |

ference Desk is 2660,

Coffee available in Gold Coast Room South.

CONFERENCE BANQUET 1in Garden Ballroom of the Holiday Inn Lakeside, Wednesday, March 5, 1980. Seating at 7:00PM, service at 7:15PM. .
! Cash bar at poolside opens at 6:00PM. There will be a van at 6:00PM at Howard Johnson's and Day's Inn. 2

NOTE: Conference bus will leave University Center at 5:30PM Monday and Tuesday, 5:10PM Wednesday and Thursday, and 11:15AM Friday. ¥
" There will be limited transportation between University Center and Noward Johnson's Monday through Thursday, leaying the University
Center at 12:10PM and leaving the motels at 1:10PM.

A11 Conference participants are welcome at informal gatherings to be held at Hoffman's, 4307 N.W. 5th Avenue, 6-8PM Honday, and at :
Freeman's, 741 Azalea Street, 6-8PM, Tuesday. We encourage car pooling, but the conference van will make pick-ups-at the motels
between 6:00 and 6:30PM. : b i

Monday, March 3, Professor Charles C. Lindner of Auburn Univeréity will speak on, “A Survey of Embedding Theorems for Block Designs."

Tuesday, March 4, Professor Walter D. Wallis of the University of Newcastle {Australia) will speak on, "Madamard Equivalences."

Tuesday, March 4, Professor Carsten Thomassen of Aarhus University (Denmark) will speak on, "Planarity and Duality in Finite and Infinite Graphs."

Wednesday, March 5, Dr. Lester R. Ford, Jr., of the General Research Corporation will speak on, "Some Implications of Computer Topology for Combinatorial Algorithms"

"
Thursday, March 6, Professor Thomas L. Magnanti of the Hassachusetts Institute of Technology will speak on, "Combinatorial Optimization in Transportation Planning.
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A GENERALIZATION OF STIRLING NUMBERS (:)
Norbert Cot% University of Paris, France

We consider a generalization of Stirling numbers based
on truncated permutations which arise in connection with
some classes of random trees.

This generalizatlion leads to generalizations of various
combinator?al entities, such as harmonic numbers, etc.

EXTSTENCE THEOREMS FOR DASES OF ADDITIVE PERMUTATIONS (T)

Anton Kotzig, CRMA, Université de Montréal

A finite set X=(x,,...,x ) of integers such that g.c.d.x ,...,x.)=)

is called a basis for additive permutalions (shortly A-basis) }f there
. exists a permutation (y,,... y.g of X such that (x, vy, ,...,x 15 ) s a per-
, mutation of X. For K={a,h] an interval} the A-bases were Introduced and

studied by Kotzig & Laufer (1978) and Turgeon (1979). Recently Il.Desaulniers

showed that (0) , (-1,0,1) and (-2,-1,0,1,2) are Lhe only A-bases of car-

dinality less than 6. Denoting by p(X) the nuwber of positive elements of

X we prove

!; 2sp(X) sk-3 If ko>5

{2 p(X) = k-3 (p(X)=2) for k> 5§

k>6) and infinitely many k-element A-bases X.

GENERALIZED ADDITIVE PERMUTATIONS OF @
! CARDINALITTY SIX

J. Abrham (Imiversity of Toronto) and

A. Kotzip (CRMA, Whiversitd de Montréal)

Additive permmtations were introduced by Kotzig and Laufer (1978)
for the case when the basis of the permutation is an Integer interval
{-n, -n+1, ..., n}. Recently, A Kotzig and Il Desaulnicrs have shown
(paper to be presented at this conference) that, iF (he basis of an
additive penmitation is of cardinality <5, it ks an integer interval of
Hmahwctnw.nmlﬂmlhrmwiMcmrkﬁ,whhﬂm]mﬂﬂﬂccnc—
tion of k=8, there exist infinilely many sets of cardinality k, CGISYSt-
ing of relatively prime integers, which can serve as bascs of additive
permitations. In this paper we deal with the problem of finding all
bascs of cardinality six and the respective additlve permitations. The
solution consists of one two-parametvic family of sets and two non-
equivalent additlonal bases not inchuded in lﬁis family.

/

Plummar, stoting thot ths squore of avery two-connncled groph ig
A cruclel step in the proof ie showing the existence of o cartaln spanning
subgraph {n every connected brldgeloss graph,
subgraphs £ and P of a greph G s called en CPS-GRANH of 6 IfF

then S {s called a (u,v)-EPS-CRAPH of G,
the Tact that for every connectad bridgeless greph G end for every cholce of
two vertices u, v of ‘G there is a (u,v)-CPS-GRAPH of G,

Which grids are Hamillontan? (§)
Sandra H. Hedetniemi*, Stephen T. Medetniemi*, U. of Oregon
Peter J. Slater**, sandia Labs., (A U.5. Dept of Enerqy Facility)

Intuitively, a grid Gm i is a graph obtained from an

m x n checkerboard; that is, a rectilinear, planar graph

having m x n vertices, 4 of which (the corners) have degree
2, 2(m-2) + 2(n-2) (exterior) vertices of which have degree
3, and all remaining (m-1) x (n-1) (intertor) vertices have
degree 4 and are connected to thelr north, south, east and

- west neighbors. In this paper we are interested in deter-

mining for which values of m and n, and for which vertices

u and v, the following grids are Hamlltonfan: Gm o8
1]
Gm,n'"; Gm'"-(u.VI. where u and v are adjacent; and

Gm n-[u.vi.'where v and v are not adjacent.

*Research supported in part by the Nationa) Science Founda-
tion under Grant MCS 7903913 :

“*Research supported by the U.S. Department of Energy under
Contract DE-ACOA-76DP00789

FINDING EPS-GRAPHS
H. T. Leu, McGIIL Unlueralty ’ @
MHams end

In 1970, flefachnar proved 8 celebrated conjecture of Nagh-Wil

(1) € 15 on eulerian (not necessarily connectad) graph,
{2) each component of P 1a & path,
(3) s Is & connected spnnning subgraph of G,

Ir, &n additfon, v and v are two vertices of € guch that

(4) v doss not belong to P,
(5) v dnas not belony to P or else v has dagres one fn P

Hamiltonian partitions of vertex-transitive graphs of order 2p

Brian Alspach, Simon Fraser University

We shall prove that every connected vertex-transitive

graph G of order 2p, congruent to 3 modulo 4, can be par-
titioned into either R i i 2
cles and a single }-factor depending on whether the degree
of G ¥s even or odd.

amiltonian cycles or Mamfltonian cy-

hemi ltonien,

The union § of odge-diejoint

He pragsent an slgorilhmic proof of

AN ANALOG DECODING METHOD @
A. McLoughlin and R. Johnson

Certain achemes for bit-by-bit soft-decislon decoding of linear binary
codes in the presence of additive analog nolee are considered. Let r =
{ry,...yrg) be the received vord corresponding to a transmitted codevord
(cyyeveyepy). Each bit ¢y is estimated as 0 or | according as a quantity

Z] n“s}kl(r[)

is positive or negative, where the sJk are certain sets of indices related

to the elements of the dual code, and £, the "decoding function," {s a certain
real-valued function. The optimal form For € fs known [1] for the case when
all parity checks are used —- | In the sum ranges over all elements of the
dual code. When the dual code s large, using all parity checks is imprac-
tical. When not all the parity checks are used, the optimal decoding Function
f is kaown only in trivial caseaj the methods of |1] hecome hard to apply.

The problem of finding an optimal f ls here cast as a variatianal problem, and
an alternative derivation of results from [1] is obtained. Application of

these methods to the case of a proper subset of the parity checks Is discusaed.

i1 ©. Vartmann and 1. Rudolph (1976) "An optimal symhol-by-symbol decoding
rule for linear codes,” LIEEE Trans. Inform. Theory, IT7-22, 514--517

DATA SECURITY AND DINOMIAL COLFFICIENTS (:zga

Ernst Leiss, Department of Cowpuler Science, University of llouston, Houston, TX

Abstract

Consider a database madel where an flem x ig uniquely fdentified
by a string w of k zeroes and ones such that each position In the
string corresponds to a property which x may or may not have dEpcndlng
on vhether this position inw is 0 or }. We assume that all 2% strings
correspond bijectively to data items. A query in the dalabase madel
is a string of k zeroes, ones, or asterisks; a query with exactly s
asterisks wil) be called an s-query, The reponse to an s-query |s
the sum of all those data Items whose bit strings are identical to the
s-query except whenever the query has an asterisk the bit strings may
be 0 or 1. He derive the number b(k,s) of elements which must be
known in order to enable a user of this database to determine al) 2¥
data ftems using s-querfes. These numbers b(k,s) are intimately
related to the binomial coefficients (M).

CORVOLUTIONAL CODES AND PARTIAL DIFFERENCE FANLIES (7))
eter Tannenbaum, University of Arlzona

Let v, r and M be positive Integers. We consider a family
SI'SE""'Sv of subsets of ({0,1,...,H) such that (1) Each 5,

has card‘nallly r and (2) the difference triangles Di =
(p-qlp.q « Sl; p > q) have cardinality !1;7!)— and are mutually

disjoint, We call such a family an (r,v) partial differenc
family of constraint length N =W+ . Clearly M > v FAr-|

The existence of such a family Is equivalent to the exlstence
of a self-orthogonal convolutional code having v + | messa?e
digits, v information digits and an error correcting capaclty

of ;] ervars fn any span of (vt1)}(MH1) consecutive positions.

For Fixed r and v there always exists such a code for M
sufficiently large. If M Is wminfmal with respect to r and v

we call the code optimal. In partlcqlar. when M= v 51;311

we call the code perfect. Several infinite families of optimal
and perfect codes are constructed.

77004



) HINIMAL SEQUINCINGS OF GROUPS
i Richard J, Friedlander, University of Missouri-St. Louis

Given an ordering a = fa.,nz,---,anl of the clements of a finlte

group G of order n, let P(a) = (bl,hz,'--.h“l denote the sequence of
partial products of «. Thus hl T mayesay for ench 1, 1 <1 < n,

let k“ denote the number of distinct eclements in P(a) and let f
L mln{k“:u ts an ordering of the elements of G}, a is said to be a
minimal scquencing of G if L kﬁ. In this paper, minimal sequencings
of all groups of arder < 1l are found, Wsing the theory of difference
sets, the value of ke is then deternined for an infinite class of cyc-

lic groups G. The notlon of quasi-difference set In a group is also
Introduced. It is shown that Il therc exists a certnin kind of quasi-
difference set I in G, then k; = IDI. This implicatlon Is examined

more closely in the case where G is cyclic,

Decomposition of CTS's into Steiner triple systems

D.F. Nsu, Fordham University, Bronx, N.Y¥. 10058 (TED !
A cyclic triple system (briefly CTS) 1s a |

palr (S5,T), where S is a set of n elements and T 1is

a non-empty collectlion of ordered 3-subsets of 8,

called cyclic triples, such that every ordered pair

of dlstinct elements of S s contalned in exactly

one cyclic triplea of T. A CTS on an odd number

of elements does not necessarlly separate into two

Stdner triple syvstema. llowever, a question of much

intereat ralsed by Mendelsohn 18 whether one can

extract and in which vays a Stelner triple system

from a CTS. In this paper, a new construction of

a CT3(n), n=l, 3 (mod 6) Is glven by studying the

structure of certaln cyvclic neoflelds. It {s then

shown that 2‘““1}/6 Stelner triple systems can be

extracted from this CTS(n). This completely solves

the problem of finding values n for which one can

extract Stelner triple systems from a GCTS(n).

IOUBLY RESOLVABLE KIREMAN'S SYSTIMS
Ryoh Fujl-Hara ad S.A. Vanatone @
University of Haterloo

K (v) deantea a collectton of g aobiets (blocka) from a finlte
set V ‘such that cvery palv af diayinet slemcats from Vo s contalned
in a unlgue block and the blocks can be resolved Into resolutlon classes.
Such a system Is called a Klvkian Svetem. We show that a K (q“i.]) 1s
constructible from a projective plane of arder q“. The Kq(q"IH
obtained tn this manner has the same parameters as a design obtalned {rom
hﬂ(nrl,q). Generally, {1t Is not dsomorphlc,  We show o nocensary
condition for Tsomovphiam and a paticnlar conditlon for sufficieoncy.

Into Pa(2,q"), Aitotl,q) e cmbeddahle.  continued ...

Minimal Homilton-Lacenb)e Graphﬂ' (EE)
Gustovus J, Simmons, Sandia Laboratories » Albuquerque, WM 87185

&e[in:dhéga::iﬁﬁmfizgﬂ-?;c::tzev:;tcx e ke Ya IV.I 'lval T 3
a) |v,| = |¥.] and for every p ¢ V, and q ¢ V,

or else
v) v} - |V.] + 1 and for every eV, pfa

there exists a lNamilton path in G with endpoints p and q.

The ninimal number of edges, E , for G Lo be Hamdlton-lacenble in
cagse (b) is eaally shown to bhe Iigfgl by arguments similer to Lhose used
by Moon to show that the minimnl number of edges for a graph G to
Hamilton-connected is li%;gl - The same question for case (n) 18 sur-
prisingly difficult, For n = b, it 3= ensy to see that E =5 = |l!;?-g|,

while for all even n = 2m > § we prove;
By n-2
- 3] = pe s 30 < 252 (1)

m
For n = 6, 8 and 10,|§| =1 and the upper and lower bounds in (1) are the

same. For n = 12 and 1b the lower bound 1s one less thon the upper, how-
ever the minimal Wamilton-laceable graphs require 17 and 20 edges, 1.e.

3m-1, in there instances. There does exist a llemi1ton-1aceable graph o;
16 vertices which las only 22 edgesl instead of 23 as might be expected.

Several other instances in which E < ll%fgl orE = 3m - I%I are exhibited.

The question of determining E,, in general remalna open,

| This article sponsored by the U8, Department of Ener nder Contract DE-ACOh-
¥ A U, 8. Department of Energy Faciilly R AIERebrasy th-A00%- Teooouny.

Merrick Furst, John lopcroft and Eugene Luks, Cornell Univ.

r
A Subexponential Algorithm fcr Trivalent Graph Isomorphism

20

s
A technlque of Babal's is Improved ta obtain a de-
terministic polynomial time algorithm for chacking iso-
morphism between colored graphs whose color classes are
of bounded slze. This improvement and a novel application
of lloffmann's algoritlm for cone graph isomorphism yields
a subexponential, nlogn, algorithm for testing isomorphism
of arbitrary degree three graphs.

id

ON THE HAXTHUM NOHBER OF POINTS IN A (k,3) CAP IN THH[[(TE)
DIMLNSTONAL GALODIS SIPACE
b.L. Bramwell, University of the West Indies, Jomaica

A (k,3)-cap in a three dimensional Galnis space, 53 .
is a set of k points, of which some 3, but no 4 are” 1
collinear. By using the interplay lLetween the theory of
errar correcting codes and finile geometries it has ve-
cently been shown that

k <29 - 1. q > A1,
The object of this paper s to ohtiin the above result
by the use of divect combinatorial argument.

COVERING GRAPHS WITH COMPLETE SUBGRAPIIS

by (_ 7
D. deCaen, University of Toronto =
A. Donald, University of Western Ontario
H.J. Pullman, Queen's University at Kingston

A family F of complete subgraphs of a graph G such
that every edge of G is in at least (exactly) one member
of F 1is called a clique-covering. (-partition) of G.

The cardinality of a clique-govering {-partition) with
fewest members is called the clique-covering (-partition)
number of G, denoted by cc(G) and cp(G) respectively.
These parameters have been studied in the past by Lrdds,
Goodman and P'ésa; Lovdsz; and Marary; and more recently by
Orlin and by Ryser. We present some new techniques which
enable us 16 calculate or estimale them for certain classes
of graphs, hitherto untreated. Sample results: 1[I G is
obtained by deleting a complete subgraph on m > nf?
vertices from K then cp(G) =(1/A(n-m)(3Im-n+1)"and all

(cardinality) minimal clique-partitions of 6 contain no

members of order larger than 3. If G is a connected,

k-regular graph on n > k + 1 > 3 vertices then

[on(k¢2)/(2(k+ 4 (-1K-1)] < Ep(6) < (kn)/2 and these
‘ bounds are best possible.

On Chordal Graphs (ig‘)

R. Laskar, Clemson Unlversily

L. Shier, Clemson Unlvorsity

This paper presents certaln propertles of chordal graphs -
i.e., graphs in which every cycle of length greater than
Lhree has a chord. It is shown that cvery chordal graph

on at least two vertices has at' least two "complate” ver-
tices: vertices whose neighbors form a clique. Moreonver,

it 1as shown that the diameter of any chordal qraph can he
realized between some palc of complete vertlces. The powers
of chordal qraphs are also dlscussad,



11 conlimed
(6 () bhas tee resolutfons
‘0

such Phat any bva vesiolal fon e bas

from dif Cevent reasnlul fons have at most one block bn conman, then K?(v)
B oealled o Donbly Resotvable Kivkman System, e show that a I:ll(q” l),
n ZI—I. i donbly resolvable for some prime poser ouhers g, In the
apeclal ense, q = 3, we shew that fur v anl Cletent by barpe and

v = Vor 9 (mod M) that a doubly resolvable DK, (v) exlsin,

AR ASSORTHENT OF ROON-TYPE DESLGNS @
Larl 5. Kramer, bonald L. Kreher, Spyros 5. Hapl iveras,
and Dale N Hesner, U. of Hebraska, Lincoln HI 60500,

A t-design, or t-(v,k,A) design, is a pair (X, 8
where @ is a collection of k-subsetls (called hlocks) from
a v=sel X, such that each t-subset of X is in exaclly A
blocks of & . We deline a Room rectangle B, denoted by
RR(m,n;_l;—(\i.l\,_.\_))ERP‘(m.n-.[t,ti,1?] A(lv.ul ,u?],k ,fl,kl Ay 1,

to be an m by n array such that: (i) each cell of R is
empty or conlains one block from an underlying t-(v,k,1)
design 3 (ii) each block of appeavs once in Ry and
(iii) the blocks in any row (colum) ol R [ovm a
tlu(vl,k,l‘) (l2—(v2,k,.\2)) design.  Hany previous gencrali-
zations of Room squares apre Poom reclanples with I:]=f7=l-
The class of all Poom rectangles is large and includes
infinitely many with m:lx(!l,lg) ? 2, some wilh l'l and €,

at least ?, some quite interesting squares, some wilh no
cells empty, and some higher dimensional analogues.  In

addition to presenting some examples ol a few Room rectangles,

we introduce what we call a RPoom graph. One of the examples
of a Room graph provides an analogue of the (nonexistent)
Foom square of side §.
Coherent Room Rectangles vom Pevmtlation Groups
Farl S. Kramer, Donald L. Kreher,
Spyros S. Hagliveras, and bale H. Hesner
University of Hebraska Lijneoln
A t-design, or t-(v,k,d) design, is a pair (X,8)
where ® is a collection of k-subsets (called blocks) [rom
a v-set X, such that each t-subset of ¥ is in exactly A
blocks of B . We define a Room rectangle R, denoted by
RR(n,n3b-(v,k, 1)) = Rli(m,n;[t.tl.l?]—(F

to be an m by n array such that: (i) each cell of R is
emply or contains one block from an underlying t-(v,k,A)
design ® 5 (ii) cach block of B apperars once in R; and
(iii) the blocks in any row (column) of R form a
t]—{vl.k.ll)(tz-(v?,k.l?)) desipgn.  We say Lhal a Room

reactangle R is vow (column)-coherent If all vow (column)
desipns are isomorphic and R is coherent if it is both row
and column-coherent. Room squares, or any generalizations
which uge 1-(v,k,1) designs in hoth rows and columns, are
automatically coherent since any two 1-(v,k,1) designs are
isomorphic. Uaing permutation-group-theoretic methods Lo
induce li-rennlurlonn of the underlying desipgn we construct

a variely of sporadic coherent Room rectanples and an infinite

family of colerent Room rectanples arising (rom the groups
I’.‘?I.?(q) with q = 1% or 31 (mod 60).

ol

v,vl,u?].k,ll,ll,lzl)).

TOWMARNS AN ALGEHRALC CHARACTERFZATION FOR GHAFH 1SOHORPIESH
F K. AGARHAL AMD V.1, CGROSEY, WAYNE STATE WHIVERSITY

Alpoarithnse for praph tsomorphisem bhave recelved o preat
deal of attentlon due to thely applicability to several
practical problens suclh as  wnomenclature and planoing  of
ayntheses Ffor orpanle  malecales, and pattern recognftlon.
ALl knouwn peneral  praph  Asomorphlsan alparithms  are very
taelfflclrne, though same efficlent alportthns avre known far
vestricted classes of praphs such  as  trees and planar
praphe .

On Psewdosarface Embeddings of Kim,n) and Cartain Joins of Graphs
R.D. Ringelsen, Clemson tnlv. and A.T. White, Western Hichigan Univ.

A pseudosurface ariscs when Finitoly many points are identified on

a surface. Questions regarding the embedding of graphs on surfaces
can be rephrased in terms of pseudosurfaces. HMinimizing genus dn the
former case becomes maximizing characteristic in the Jatter; the

He are current | studvin n ¢vlnas of procedures with e
H Y F ! r ! of any pseudosurface in which the qgraph can be embedded. Several
the Intentinn of urlnp then ta solve thisa  prehlem. These
pseudocharacteristic formulas are developed, including ona for K(m,n).
proceduven are hased on  physical Intultion and are

The embeddings qiven For Klm,n) are, in one-halfl the cases, more
efficient {in terms of maximizing characteristic) than those possibie
in the genns siLvation. Applications are possible, Lo printed
clrcuit theory.

interesting for this reason. He view a graph nAa an  aenflty
consliatipg of polint maogaas and elantlic edpes. The graph 15
then suspended from cach  vertex to  produce an Invariang
vector of wvodal dlatances. Same of these procedures result
in polynonlal tlne alearithns, while none of them Ao nat.,
For some of these procedurer we have {ound couwnler-exanples,
uhitle for othera we have unt. FEven so, these procedures nay
he uaed to advantape In a heurdstlec manner.

| SOMORITLLEM IRSTING-TOLYNOUIAL TIME?? @ flamiltonian Groups are Color-Graph-llamiltonian

P 3 J. B. Klerlein®and A. G. Starling, Western Carolina Univ.
LAszlo Babal (Ohio State Unlv., Coluwmbus and EJt+88 Univ., DBudapast)

Rudolf Mathon (Universily of Toronto) A group I' 1s sald to be color-graph-hamiltonfan if

| ! there 15 a minimal generating set & for I such Lhat
Coherent couflgurations are the digraph versions of association achemes. the Cayley colar graph Dﬁ(r fs a hamiltonian directed
‘ We define b-dimensional coherent configurations, where the ordered t-tuples g ]
. are classificd. We propose a conjecturo smylng, roughly, that for graliﬂ;. ?ome recent resul{;s ave ulseg to show that
t > 6, regularity implies symmetry in such conflgurations. Regularity is amiltonlan groups are color-graph-hamiltonian.

dcfined in tenns of numerical paramiters while symmetry refers to automworphisms.
+ Non-trivial t-deaigns would disprove lhe conjecture but no such designs are
< known for t > 6. If the conjecture 1a true then we obtain an

]
v?'.“ ) icomorphism testing algoriihm, a gensralization of the
telsfeller-lotman procedure.

’ " Y . "
GRAPI ENBEDDING ALGORITHIS: K.K.AGARMAL D.P.AGRANAL and  1.ALASSNER > el el “"”":;:P‘t" ::?“:':;;::::"s’;::zcl“ ﬁ:':::'[f:"“y o @mm
WAYHE STATE UNIVERSITY HGAR h8202, i G ’ e
; SHY SEINOLT,: JALIIGAN NE207 @ . n.G. Klrkpa:trlck, Pept. of Computer Sclence, WM. of British Columbia.

Subgraph ddentlfication algorlllhms lhave scveral applications In H.H. Klawe} Dept. of Computer Sclence, Unlversity of Toronte.
Organic  Chemistry, Pattern Recognitlon, Information  Retrleval, Abstract:
Operatlons Rescarch and Electrical Englneering. Ffor  the subgraph Two vertices x,y are psewdo-slmilar {f G-xzC-y but yet x 7 y.
Identificatlon problem, algorithms can be no more efficient than that In this paper we cxtend this notfon te k - pseudo-similarity x ¢K y where
of the special case of recognizing “a Homlltonfan path. The graph xtyondG-T g=6-1T k i k denotes the set of vertlces of
Isomarphism problem Is also a special case of this problem. distance s k from x) and rul{ K- psendo-aimilncity x Ky where x # y

and x ¢1 y VL s k. It is shown that for achitrary constants k and c,

He prescnt a backtracking algorithm for subgraph  fdentification. . there is an infinite famlly of graphs with distinquished vertlces
ALl exlstlng algorithms are not only Ffalrly complex but also { xp, —-, xc) such that x; & xj y £ * § L s1,]5c. In copstrast,
Incflicient. In dual depth (irst search algorithas discussed §n  the for any tree T there cannol exlst vertices x, y asuch that x ¢ y for
llterature, slmultancous scarches are performed on both graphs. Our - k2l (He. T-x3T-y AT-Tg=T- I'l v x ~ y). Other results
algorithm first scarches the “pattern graph' In a depth  Flrst  manner on k - paeudo-similarity are also prenented,..

to bulld a spanning tree. ULilizing this Information It scarches the
“goal §raph'’ to ohtaln all possible embeddings.

foth recursive and nonrecurslve versions aof the algorkthm were
implemented In PL/Y and FORTRAI and thelr performance was compared, \le
strongly ULelleve that by decomposing the dual depth scarch algorhthm
Into two distinct searches we have accomplished our objective of
skmplifying the algortthm and improving Its efficiency.



Some Room Rectangles with Density One (ZZ

E.5. Kramer, D.L. Kreher, D.M. Mesner*, University of Nebraska-
Lincoln

For definition of Room rectangles, see abstracts of talks
by E. Kramer, and S. Magliveras. There are definitely many
Room rectangles which have density one, that is, every cell is
occupled by a block. Example and canstruction methods will be
presented.

A YOTE OH HOVELL DEGIGHS as
B. A. Auderson Arizona Stale University

As 1o Lhe Room Square pubeago, the exinlence queslion
for lownll Deslgne of slde 3k and Sk, 2,3,5%E3 1 la compli-
‘caled by the fact thal there ure no Room Squares of slde 3 or
slde 5. If 8 13 an odd posltive Integer, 8 2 7, the etalenent
Lhat almoct ull Howell Deadgns W {e,2L) exlot mcona thal If
8+l € 20 & 28 aud 24 £ 28-2, then there ls a lowoll Daolgn of
Tlype Ne(s,2t). Lot ¥ be the sdt of priwcs p, p 2 7. If pey,
then p €Y%y A(Tr Z3p\ Z4 hae u slrong partla) storter and pEYy
Aff 25, hoo a utroﬁg slarter. Freviouely JL hus been shown
that (P for all p in 'Y, almost all W"(p,2t) wnd Hn*(sp,21)
extet, then 1f 2,3,5%Yk 51, alwost all H%(5h,2t) exict., In
Lhie note It 1o verlfied that Af WU Yo =Y, Lhen the anal-
ogous glatenent holde for 3. Racnully Yi1 har been shown to
Include mosl yriwea esnd lon wany casecs, the exialeuce of almont
all U%(p,2L) ond HE(3p,2t) can be shown.

and Order 2n+2
P. J. Schellenherg, Unlversity of Waterloo i
$5. A. Vanstone, St. Jerome's College, Univerasity of MWaterloo i

The Existence of lNowell Deslgons of Side 2n -i

ABSTRACT

A Howell design of side 8 and order 2n, or more briefly an ,
(s, 20), 18 an a » 8 acray in which each cell elther s empty
or elae contailns an unordered palr of elements from some 2n-set,
say X, such that
(a) each row and each column fa Latin (i.e. every element of
X 1s in prectsely on cell of each row and each column)
and
(b) every unordered palr of elements from X s In at most
one cell of the array.
Necessary conditions on the parameters s and n are u < a8 < 20-)

The exlstence of two orthogonal Latin squares of order n implies
the exlatence of an WD(n,2n). An UD(2Zn-1,2a) 19 often called a
Room square and it fa known that these deslgna exlst for all positive
odd sidea 2n-1 # 3,5.

B. A. Anderaon and others have shown that there exlsts an
IID(2n,2n42) for all even sides 2n > 2 except possibly for

n € [24.46.54|U{ﬁp|pa19, p prime)
In this paper, several recursive constructlions for Howell designs

are deacribed and these constructions are used Lo -establish the
existence of an IN(2n,2042) for the above-mentioned exceptiona.

Let Cn(k} = f(xl.---.xn) e": 1% Xy <€k} denote the n-dimen-

An EfFH lgorithm for Colouring the Edges of a Graph
with A + 1 Colours 7
Eshrat Arjomandl, York University

The edge colouring problem has received considerable
ttention from mathematicians and computer scientists. The
edges of a simple graph 6 can be coloured with A or A + |
colours, where A is the maxlmum degree in G. Holyer has
recently shown that A-edge-colourability Is NP-complete.
Many algorithms have appeared in the literature for the min-
imum edge colouring of bipartite graphs. The best known
bound for bipartite edge colouring is 2 )
OIMinllvl.IEi,IEI.A.Io?IVI.b. Vllif : lv deg v, |VIloega)). .
A straight forward implementation of Vizing's theorem '
ylelds an 0(|£ .I¥]) algorithm for the general edge colour-

fng problem using A ¢+ 1 colours. In this paper we present

an O(mlnllvl.l[ WA V) BV .|09!V|)) general edge
colouring algoritt A+ 1 colours.

Strongly regular graphs and association sclicmen
with large automorphiem groups @

hm which uses at mos T

laszlo Babal (Ohio Stabte Univ., Columhus
and FEétybs Univ., Bndapnat)

fixing number £(X) of a graph X 18 the swallect number k auch

that there exinb vertlces X1+, % not fixed by any automorphism of X
other thau the identity. Fixing mmbers nre important in Lounding the

' order of cortain permutation groufmi For an imprimitive alrongly regular

. X) =

Reduclbliiity studles with respect to the four-color theorem f;:ﬂlhﬂs_kgiapﬁ:d ,l‘,taw:cfl'ﬁlg""’?a)f/ /4 Jq:_(;‘;‘;)vz :‘;‘r For ?llt:)‘-h“-l' ‘llh‘mlﬂly
< e v 18 the mumber

ha;e :::own that most ‘geagraphically good' configurations are of verticns. Ths result generalizes to primitive nssoclabion acheincs
reducible by means of existing techniques. :nd their dlgraph versions called coherent configurations, Uherehy .yfollllug
he solution of y e ;
There are, however, some exceptions and it Is possible that CDH"GCI‘.[:.I‘e‘.)" f'()(; Ergl():grguv(;f !f!(—‘g!ﬁf—'!sflmztlf‘t[':::L‘:L;“’:‘:;:i‘::ngri;:spﬁ-

at least some of these exceptions can be shown to be reducible except the 11
? ne gr p W i
by using linear and non-negativily constralnts on the color scheme ccxnp{'l:mentu graphs of conplete and of complate bipartite erophs and their

frequencies. i P

Reducibility studies of geographically good The
Confligurations @

E.R. Swart, Unlversity of Waterloo

The smallest geographically good configuration which does not
reduce by means of existing technlques Is 7[5665] and the
application of such constralnts to this conflguration is discussed.

Path Length Chromatlc Numbers of 2" (:i::)
Jerome L. Paul University of Cincinnati LOCAL AUD GLOBAL UNILATERM, COMIECIEDULSS 1N DIGRAFIS

CHRISTINA MARIA 1), §. & . TAMIINESCY

sfonal hypercube of lattice polints having k points on a side. Using CHIY UMY D b vone - e o rer

BEARR VL I wenw, wv el

n-dimensional Tic-Tac-Toe as a model, a winning set (path) in C"(k) B ig— e

" The maln result clalms that i€ a weak, acyelic digraph D is locall
consists of k poilnts in C'(k) Iying on a straight Vine. More milatarally connected then b is also globally unIIn:,erally cnnnnn:ed.
He then give a class of digraphs which shows that the theorem is nn
mote trua if we drop the requircement of being acyclie. An example of
an infinite acyclic digraph without two-way Inlinlte patha, which is
locally unilaterally connected bul not {globally) unilaterally
connected Ls also glven, :

generally, a winning set of length k Is a winning set in some Lrans-

late of C"(k). For n,n € 1', we define ﬂlm(l") to be the minimun

nuiber of colors needed to color the points of 2" so thal all mano-
chromatic winning sets have length at most m. Note that an upper .
bound for 'K"Jlnl Is imediately obtained from the fact that

)(I(I"I = 2" Previous results of the author imply, In particular,

that X (2") =2, w<3, and X, (") =2, n2a. Asinple
construction will be described which, together with a recent vesult of

Ron Graham and the author, establishes certain upper bounds on

;im(l"l. lelated results and calculations will also be discussed.



The Fxistence of Certaln Types of Semiwalka {n Tournaments @
. Joseph Stralght, SUNY College at Fredonla

lLet T be a tournament of order n > 3 and let Yo ¥i ot Va-t

be a spanning semipath of T. We assoclate with this semipath a

[ 4 -
sequence (el,rz,...,cn_l) of 1'a and ~1's such that e, “l it
v i1s an arc of T and e = -1 1f Vivial ia an arc. Thls
sequence 1s called the type of the semipath. A collislon of type
J 18 a spanning semipath haviog type (1,...,1, -1, ceey=1) with
exactly ) 1'a, while a repulslon of type J La a spanniung acmlpath
having type (=1,...,-1,1,...,1) with exactly } -1'n.

In 1967 Grinbaum showed that every touwrnament T of order n,
with two exceptions, contalus a hamiltonian path Yo V1L 't Yn-l
with the property that Yo'n-1 is an arc of T. We present a new
proof of this result, and then apply it to show that every
tournament of order n > 4 contains both a colllalon and a repulsion

of type § for each §, 1 < J <n - 1.

Journaments with Prescribed Numbers of Kings and Serfs
K. B. Reid, Louisiana State University

A king (serf) in a tournament is a vertex which can
reach (is reachable from) every other vertex via a 1-path
or 2-path. Tor integers n > k > 5 > ks >0, n >0,

there exists an n-tournament with exactly k kings and
s serfs and such that exactly k_ of the kings are alseo

serfs 1f and only 4f (1) »n > k + s - ks' (2) s ¢ 2
and k £ 2, (3) n =k =5 = ks 4 or n >k and

s > k., and (4) (»n. k, s, kS) is none of (n, 4, 3, 2),

(5, 4. 1, 0), (7, 6, 3, 2).

This rvesult was announced in a preliminary report at
the Tenth Southeastern Conference on Combinatorics. Pre-
prints of the manuscript are now available.

Imbeddings of Hypevgraphs

Havk Jungerman, Unlversity of Callfornla at Santa Gruz (fgzz)
Sanl Stahl, The University of Kanaas z

Acthor T. White, Hestern Hichigan Unlversity

A bijection between hypergraphis It and bipartlite graphs G(N0), where
one partlte sct Is assoclated with the vertices of W and the other
partite nmet ls assoctated with the edges of W1, was descrlbed by
Walsh Ln 1975. Fach 2-cell Imbedding of G() is readily modi-

fled Lo give a reallzatlon of H whereln certaln of the reglons of
thlis modified Imbhedding depict edges of I . lmbedding problems for
hypergraphs translote dlvectly Into the graphical context. Hany
standard results for graphs have Immedlate generallzatlons to hyper-
grapha, such as the euler equation, lower bounds for genus, Duke's
Theorem, the leawood Hap-Coloring Theorem, and go [orth. Hon-
orientable analogs of thesc results ave also presented. The follow-
ing speclfle orlentable genus formula is calculated. Let 11 con-
sist of ©n vertices and all possible (n-1)-subscta as edges.

Then G(II} 148 K " less a l-factor, and for all pnatural numbers
",
ur y() = y(6(W)) = ‘19:!%£E:ﬁl] An applicatlon to the reallza-

’ tion of block deslgna Is alao glven.

THE ENUMERATION OF COVERS OF A FINITE SET i

J.S. Devitt and D.M. Jacksen @

University of Waterloo

In this paper we enumerate the number of covers of a set by
collections of subsets having the property that each element of the set
occurs 1In exactly k subsets. We consider three types of covers. The
first two are generalizations of set partitions. The third type occurs ]
in a combinatorial decomposition of the fjrst two types, and the
enumeration of such covers may be obtained algebralcally from the former.

Gaussian binanial coefficients and threshold graph enuneration
by Uri N. Peled, Dept. of Computer Science, Columbia Univeéfity

ABSTRACT A graph is a threshold graph when mmerical
welghts can be assigned to its vertices so that any
subset of vertices with total weight not exceeding a
| fixed threshold is independent, and copversely. Two
ways of enumerating the (unlabeled) threshold graphs
by the number of vertices, edges and the size of the
largest clique yield a new proof of the classical
identity
n s J
n_lx] = ¥ (?) q)(rn/2 xJ
=0 g
. where (7) is the Gaussian binomial coefficient., Awong the
applicaai ns of the identity are mmncrous Eulerian identities
in the theory of partitions and the MSbius function of the
lattice of subspaces of a finite vector space.

(+x) (1+gx) . . . (Lig

On the Independence Dimension of a Graph
Glenn W. Hopkins and William Staton, University of Mississippi

For a maximum independent set I in a graph G, define ax(I) to be the 1
number' of vertices of G adjacent to exactly k vertices of I. Fajtlowicz
has defined the dimension of a graph G to be the largest k so that ay(I)
is non-zero for some maximun independent subset I of G. Fa)tlowicz has
proposed the problem of determining bounds on ud(I), vhere I ranges over E
maximun independent subsets of G, 4 is the dimension of G, and G is a
cubic triangle free graph. In this paper, we determine an exaclt answer
for the case d = 2, along with some examples, and we discuss the case
4 = 3.

Strong Independence in Graphs @

by John D.McFall, Saint Mary's University,Halifax,Nova Scotia,B3H 3C3
and Richard Nowakowski,Dalhousie University,Halifax,Nova Scotia,B3H 4HB8

Let G be a finite graph with no loops or multiple edges. A subset of

the vertex set of G is said to be independent if and only if no two
vertices of S are adjacent in G. 1I1f in addition there are no independent
subsets of vertices which properly contain S then we call § a maximal
independent set of G. The strong independence number of G is defined to
be the minimum cardinality obtained by maximal independent sets of G.
Sets of vertices obtaining this minimum cardinality are called strong
independent sets of G. These concepts are connected with a reliability
analysis problem encountered in stochastic coherent binary systems.

In this paper we study the properties of strong independence sets and
numbers. A new interpretation of the above mentloned reliability analysis
problem is presented. Many open problems remain!

On the Optimal Placement of Software Monitors
fobert L. Probert, University of Dttawa CEE;)

Program testing .is widely recognized as an ex
critical component ?[ the software gevelopment pro:;:TelyYet
no staﬂdard dﬁfinlllnn of testing completeness exisls; in
fact, "tested" soflware Is often delivered to a user énnlainﬁ
Ing statements or branches which have never even been exer-
cised during testing. One technique for exposing pnrtioﬁs of
code which have never been exercised during testing is to in-
sert software monitors or probes into the program before test-
Ing begins. These probes gather run-time statistics about
the exercising of a}) portions of the program during the test-
ing process. "To minimfze the execution and memory overhead
of such instrumentation, it is desirable to insert a minimum
number of such probes into the program. In addition, it is
easler to Insert probes at program statements than at points
of control transfers or branches. In this paper, we inves-
tl?ate the relationships between program structure and tLhe
abllity of statement monftors to capture sufficient informa-
tion to determine execution flows on program branches In
particular, we define a number of program flowgraph ciasses
and devive a characterization of tﬂe power of instrumentlin

a minimum set of vertex probes. It Is shown for a class 0?
pﬁactical. structured flowgraphs, that such a set of vertex
probes can always be easlly found, even though for a closély
related class of structured flowgraphs a vertex probe set may

not exist.

Pnrtltionlug Algocithms for Pr
Al e o B-c-Beritims for Program Sepmentation and Proce 1 As :
CANILLE C. PRICE,” The Unlversity of Towas at Dallas QL o ehment

Partitionlng algorithms arc applicable ¢
computer programs for cxecul lon fn a aln
AYs
n;:ﬁ;m;l:rT :n the problem of asslgning modules of a computer program
\tLiple processora 1n a disteibuted . i
g i E 24 syatem,  Both problems are
ﬂ[rnT:f;e: :ﬂ(:erulnri quadratic programmlng problems with Linear con-
MEthe simllarities between the ¢ F kel
T fieohlae Sk Ial) 2 d * tvo Fovmulations are noted,
E ed by search trees, and
e, solutlons are ohtal
Tach frohlcm through heurtgtic tree-search algorithma (n w), bk
t:og:hfcdt?y n[nudl:lvd nbjective function. Certaln quadratle Lterms of
' eetive tunction that are diffjcult ¢t
4 o ohtaln are | I
i * 1gnored In the
L:?;:fs u: evaluating the prowise of nades {n the search tree The
sutts of applying these algorithms are a computer program optimally

partitioned into sepgments, and pro
et prnceﬂ”nrﬂ: program modules optimally appertionecd

o the prohlem of acgment log
gle-processor, raged-memory

Ich the search



~given value of 0.
. here when 0

Hypergraphs (ji}ij

L. Kirk Tolman  Brigham Young Unlversily

A formal algebraic definition of hypergraph. Alternative geometric
interpretatfions and some fmnediate consequences. Examples of theovems
and/or substructures in one mathematical structure producing thegrems
and/or substructures in another (or moy be the same) malhematical
structure via hypergraph connections. A muber of questions regarding

the above.

"Extremal Regular Graphs"

ZTevi Miller, Mianmi Unlversily

The problem of constructing (m,n) cages suggests
the following class of problems. For a graph parameter 0,
determine the minimum or waximum value of p for which
there exists a k-regular graph on p points having a

The minimization problem is solved

is the achromatic number, denoted by .
This result follews from the following main theorem.

Let M{p.k) be the maximum vatue of ¢(G) over all
k-vegular graphs G with p points, let (x) be the
least integer of size at least x, and let @ <& be
given by 0 = {I(tk#1)#l: ¥ < 1 < =). Define the function

F(pok) by f(p.k) = max O e : A (AN < p). then for
Fixed k > 2 we have M{p.k) = flp,k) 1f p £ 0 and

nip,k) = f{p,k)-1 iF E et for all p sufficlently
large with respect to

ON CONSTRUCTING A SPANNING TREE WITH OPTIMAL SEQUENCING

H. L. Gargano, Metropolitan Life Insurance Company
a. Gewirtz, Brooklyn College, CUNY

Consider an undirected, connected labelled graph G =
(V,E) with |V1 =n €] = m. Consider also the
assignment C:€ » (fF{fF:lO,n-1) » R and s
monotone nondecreasing). Each edge is assi?ned a func-
tion f, = C(e) wheve re(t) (o<t <n-1) isa

monotone nondecreasing cost function giving the cost
assigned by completing the construction of an edge e
at time t. It is assumed that the construction of
any edge In 6 takes exactly one unlt of processing

time. The edge sequence ’eufl) is defined

tree with sequencing if and only if
y _'3 """" is a subgraph

(gl,ez,...

to be a spanning Ltree W ]
the subgfgﬁﬁ"iﬁ uced by the edges (e|l

wihich is a spanning tree of G. The problem is to

. construct a spanning tree with optimal sequencing,
that iIs, a spanning tree with sequencing minimizing
the maximum of the incurred costs.

A Natural Proof of Abel's Identity. Gzii) l
Louis Shapiro, lloward University
A proofl of Abel's identity is developed by first
using the Foata coding and then counting maps, This
leads easily to other results counting various kinds
of labelled trees,

SHEFFER POLYHONTALS AND RECURRENCE RELATIONS

divides

Heinrich Niederhausen, Dept, of Statistics, Stanford Un;versity

Let Q be a linear operator on the algahira of polyaomials. A recurrence
relation like Qp“(x)“pnhl(x) with side conditions p“(x“)ﬂy‘ can be solved
T

by Sheffer polynomials, if Q satisfies some additional conditions (delta

operator, Eulerian operator,...).

with applications in combinatorics and statistics.

.

A Semigroup Related to Gaussian Polynomials EIE)
J.M. Freeman and F. Hoffman*, Florida Atlantic University

Words are defined to be sequences £ : 7  » szLJ[M}

with £(n) = = for alwost all n. 1(£) denotes the number
of inversions in £, 1.e., the number of pairs (m,n) with
m<n but £(m) > g{n). The product, £*r, is defined to
be a "meshed juxtaposition" of £ with the word ¢' =  +
maximum integer in £. (Terms of r'are meshed into the
spaces '=' in E.)

With these definitions words form a unique factori-
zation (hence cancellative) semigroup, and I{g*g) =
1(g) + I{c). This is used in cYniunction with MacMahon
type generating functions.z x HE), o give a purely
Eeh
combinatorial treatment of the Gaussian polynomials.

i
|
I
i

Substitution Groups and Eulerian Differential Operator
J. M. Freeman, Florida Atlantic University (::Ef;

The substitutions on polynomials defined by
a
Hep(x) = plax + %jflkl

are seen to form a group (i.e. Ha+b = Ha"bL with the trans-

We derive a general representation theorem

lation group as a limit when q > 1.
Let 2(x) be a fixed palynomial (of degree 1) which
(I-W)x and let a # b. Then the relation

(20x)0)p(x) = op(x) - WPp(x)

defines an operator D on polynomials, which is, in a nat-
urally extended sense, an Eulerian differential operator. .
Properties of these operators are derived, as are explicit
formulae for corresponding Sheffer sequences of polynomials.

.B.X. Dewar, M.C. Golumbic

Hacro Substitutions in MICRO SPITBOL - oy
A COmbi"ﬂtﬂI'ﬂl Aalyslis (3E£>
and C.F. Goss, Courant Institute

MICRO SPITBOL 1s a compllcrllnlerﬁreter for a varfant
of the SNOBOLA programming language which runs on
microcomputer systems. It §s coded in a portable iInter-
pretive machine language which resides In main memory
as a byte sequence. Due to restrictions on the size
of main memory, it is desirable to compact this byte
sequence. One technique is to define a set of macro
substitutions which allow occurrences of specified
byte subsequences to be replaced by single bytes. - The
subsequences are restored dynamically at run time by
use of an assoclated table.

This paper analyses the problem of choosing an optimal
set of macro substitutions and an order for performing
the substituttons which minimizes the total length of
the byte sequence and associated macro table. Poly-
nomial time algorithms are presented for both optimal
and near-optimal solutions. The techniques involve
deterministic finite automaton pattern matching and
finding a maximum weighted independent set of an over-
lap graph.

An ﬂ(nzl Agorithm for Abellan Group Isomorphism
Carla Savage, North Carolina State University @

He consider the following problem: given two finlte groups of
order n, determine from theiv multiplication tables whether they are
Isoanphl& Tarjan has shown that this problem can he solved in time
0(nl09 nt l',). He show that {f Lhe groups are Abelian, {somorphism

. can be determined in time 0(nZ).

To do this, we define the elementary divisor sequence (EDS) of
an Abelian group. It is known that two Abelian groups are ¥somor-
phic 1Ff and only if Lhey have the same EDS. I1F G is a nontrivial
Abelian group, the flvst element of ILs EDS |5 the integer p¥ where
p>1 is the smallest prime dividing the order of G and r is the lar-
gest integer for which G has an e?emcnl of order p'. Then G =
C{p")x K _Tor some Abelian group K. Me show that p" can be found in
time 0(ng). The fast disjoint set unfon algorfthm is used to compute
the multiplication table of K in time O({n/p*)?2). The procedure is
repeated with G replaced by K as long as G Eas movre than one glement-
Upon termination, the EDS for G has been computed in time 0(n?).



ENUMERATION OF GENERALIZED WEAK ORDERS

= ‘ Lo ' W e

“ABOUT CONNECTIVITY ON GRAPHS OF THE FORM G . UNIFORM CYCLOTOMY Carl G. Wagner, University of Tennessee

VICTOR NEUMANN, Universidad Nacional Autﬁnoma@ [ ' P. C. Fishburn (Review of Economic Studies, XLVI, 1979,

‘ de México. i : I','I'JD]‘[ Ba‘;TirE @ 163-73) has introduced a hierarchy of generalizations of the
LS hie) o class of asymmetric negatively transitive relations, called

GILBERTO CALVILLO, Banco de México, S. A. Institute for Defense Analyses

generalized weak orders. We exhibit recurrence relations and
Robert L. Ward closed-form expressit')ns fc_)r the number of genernliu_:d weak .

i h G d a positive integer n ! Department of Defense orders of each type in this hierarchy, and also derive generating
ve defined thg]:gv: grg;apfi:“'a:nth: Ene who has tge ' functions and some asymptotic estimates.
e

same node set as G and as arc set the paths of length n.
Thus two nodes are adjacent in G™" if there is a path ; Let q Dbe a power of the prime p and let e be a

of length n joinning them, In this paper we characterize divisor of q - 1, The e-th power cyclotomic numbers Generalizations of Semiorders, Their Representation Problem,

=3 - i,J) over GF(q) are sald to be uniform if . .
the graphs G for which 6%J is connegﬁed. Some other 1,0) = (0,1) = (i,1) = (1,0) whenever 1 < i < e amid and Thelr Relation to Arrow's Paradox @ .
results about the connectivity of G™" are presented. ’ s P LS s ;
: (1,4) = (2,1) whenever 1 <1 <e, 1 < J<e, i#3]. _ l
: This property is important Because it occurs many times, ) Gregory §. Call and Robert z. Norman , Paydmeuth
On the Second-Order Edge Connectivity of a Graph @ and when it does the cyclotomic numbers can be calculated :
Donald L. Goldsmith, Western Michigan University explicitly. We show that, for e > 3, the cyclotomic Luce's concept of semiorder, a generalization of a strict weak order,
numbers are uniform if and only if = 1 1s a power of is further generalized in a natural way to an n-semiorder for each n, bridging )
kb g, (b N enraserss, QAR BGEh pE S wemcrm mi LLEE B Jedule 8 the gap between a complete order and an arbitrary acycllg orc:er. 21:1 tillisdternln
@ 1 1 a semiorder is a 3-semiorder and a strict weak order is a 2-semlorder.
o § Sl SRS Al e L S S RS :ei:iés of inferring an underlying (n-1)-semiorder from an arbitrary n-semiorder
be the smallest number of edges whose removal leaves a graph with ' are discussed along with s proof that Coenlotders: Canidt belrepresen;ed e‘;en
i e ralleling the Scott Suppes Theorem. xamples
three components. A separation of G into three components by the COUNTING TRACES OF POWERS OVER GF(Z"") @ ;:et;«i)vg:‘mirf\s::zzmizr:;::nnf;rp:adl . gs B e et noseilondens
2 - 3 ;
removal of R( ) edges 1s called an "efficient" triple separation. Oscar Moreno, Univ. of P. Rico, Rio Piedras, P. Rico. showing their potential degree of complexity. ‘
Since 1t is not always obvious how many and which edges should be re- There is a theorem of Helch (1967) that counts the Looking at the Arrow voting paradox from this pointlof Vie\';: Strzng‘ the
np hen we weaken the requiremen v
i m impossibility results are obtained even :
moved for an efficient triple separation, one is led to look for re- - number of solutions to the equation Tr(x®) =0 in GF(2"), grgup rankin:; iy e i i g i v e it

for certain values of £. This has been found of use in

lated parameters which are more readily computable. Accordingly, we : Coding Theory. The present paper counts Lhe number of n-semiorder axiom.

constder o(?) = min{A(G) + A(G-S)} , where XA(G) 1s the edge con- solutions for further values of £. This is done using

nectivity of G, and the minimum is taken over all separating sets S . the values of certain Gauss sums over GF(Z"').

of 2(G) edges. We have shown in an earlier paper that .\(2) = 0(2) ’
if 0(2) is sufficliently large. We show in this paper that If the * Ol UNIMODALLTY FOR LINEAR EXTENSIONS

degrees of the vertices are sufficiently large, then elther }\(2) = T ST T * af ERRTEAL GRDERS

0(2) or else every efficient triple separating set consists of the AUTOMg?ZLII:S: Gg?ﬂzg'ﬂﬁglsx_TgfflsaﬂNi aF g”:l'[% i - F. R. K. Chung ’
set of all edges incldent with a single vertex v, together with a . Fréd C. Piper, iJniv. 35": f;:dog " Pl'? C[" Féi’;ﬁ:;n @

sek, of gt Wost W(G) - ¥ -edpss W G- vy Wig lover baund plven ‘o We examine a situation when the automorphism group of a Bell Telephone Laboratories‘

the degrees of the vertices of G 1s best possible. ~ finite net N s transitive on the points of N. The result Murray Hill, New Jersey 07974

that we obtain may be used to construct "large" but inextend-
S able nets (or systems of mutually orthogonal latin squares).

. On trivalent graphs of class Lwo. @ Some generalizations are considered.
Mark, K. Goldberg. R. Rlvest has recently proposed the following

The new method is developed for construction of ! ; intriguing conjecture: Let x* denote an arbitrary
graphs with the miimai vertex degree 3 (trivalent graphs) rfixed element in an n-element partially ordered set P,
ana chromatic index 4. An infinite family of nontriviaf | and for eacih x 4n (1,2,...,n} let N be the number of
trivalent edge-trilical graphs with an even number of ver- k
tices is construsted. The description of cubic graphs of
class 2 and zonnality 4 is glven. The following congacturel
is formulated: if G -s critical trivalent graph wilh more
thaa one vertex of degree 2 then G is nonplanar.

order-preserving maps from P onto (1,2,...,n} that
map x* into k. Then the sequence Nl""’Nn 1s unimodal.

This note proves the conjecture for the special
case In which P can be covered by two linear orders. It
also generalizes this result for P that have disjolint !
, components, one of which can be covered by two linear
orders.



KURATOWSKT TYPE THEOREN FOR 2-CONPLEXES 57
Hichaol BURGTEIN (9597 Gasmer #28%, Houston, Texas, 77035)

A simplicial 2-dimenscional complex is coalled planar Lf
it s aszocinled polyhedron is embeddable into  Llhe plane.
Definitigng:A2-complex  1s called critical Lr 1L 1s not
planar, Eut it 5 every proper subcomplex is; n l-silmplex of
o complex i6 called an edge if 1t is nol conlained 1n  nany
2-6hkmplex; t-subdivision df an cdge means the subslitution of
this edge by a I-dimenslonal path connccting il s cudpolnts;a
I-gubdivision of o complex meanc a complex oblained from the
original by 1-subdivisions of some of 1t 8 edges; Lwo 2-com-
plexes arve sald to be 1-homeomorphic 1f they have isomorphie
| -uubdivisions;a2-complex is called locally planar 1f each
poinl of it s polyhadron basaplanar neighbourhood.

F.larary and R.H.Rasen chavac terized locally planar com-
plexes and  posed a guestlion: nder whlch combinatorial
condition{salocally planar complex planar?

T h e orcm Ay locally planor crilical complex 1s
I-homeomorphic to one of the following complexes:

Clearly, any non planar complex conlains a critical subcom-
plex.

Corollary_{Rosen & Graons). A locally planar 2-complex i
planor 107 Lhe 1-ckeleton of 1t s first barycenlric
subdiviclon Is planarn

Arithmetic Invariants of Simplicial Complexes C;ﬁv)
M. Brown and A.G. Wasserman 26--
What invariants of a finite simplicial complex K can be

computed solely from the values VO(K) V vl(K},....vllK),...
where vi(K) = the number of 1i—simplexea of K 7 The Euler
characteristic yx(K) = [ (-1) vltﬂl {s a subdivision
invariant and a homotopy invariant while the dimension of

K is a subdivision invariant and homeomorphism invariant.

fh c.T.C. Wall has shown that the Euler characterlistic is

the anly linear function to the integers that is a subdivision
invariant. In this paper we show that the -only subdivision
invariants {linear or not) of K are the Euler characteristic

and the dimension.

_ problem of determining the least number m

Some Coloring Problems in a Finite
Projective Plane and Blocking Scts (gjj

J.W. Freeman, Virginia Commonwealth University

In this paper some caloring problems in a
finite projective plane and related questions on
blocking sets posed by Erdos or motivated by him
are discussed. Bacr subplanes arise in a natural
way.

~ Minimal families lacking property Ey

Ruth Silverman, Southern Connectic
- d ac ut State Collepe
and Alan I, Stein, University of Ccnnecticut R

A family I of sets is defined to hav
5 i 3] e property B
If there is a sat S, not contalning any setpinpr, zhich
contalns at least k elements of every set of I'. A dual
ag{: n{lp;ngggt{ ?} was studled by P. Lrdds in Nordisk
matis skrift, Oslo (1963), and proper |}
studied by WM. Levinson and R, Sil;ermanpinperty i

Proceedings
2nd Inter, Conf. on Comb. Hath, N.Y. (1979); rﬁg el

} of sets
enchnof cardinality p, which constitute a ?amilv lnc;inr
grép_rty B, was piven preliminary consideration in the

atter papér, The further result is obtained that

| 23&!(P) = 3 if p is even, while m }(E) =, l[ p is

This disproves a conjecture?sl Levi
rvinson and
Silverman, In addition, possible approaches to
calculation of mk(p) are discussed,

e d

~ be applied to minimjze the access time to a second-

ON THE OPTIMAL LINEAR ARRANGEMENT PROBLEM
A. Vaquero & J.M. Troya, Complutense Univ., Nadrid

The optimal linear arrangement of a graph is a
particular case of the quadratic assignment problem
with different applications. [In addition to the
classic application of minimizing the wiring cost
for a set of interconnected modules, the problem can

ary storage device in some cases.

in this paper we present branch-and-bound algo-
rithms to obtain an optimal solution for a determined
maximum number of vertices. We describe simple pro-
cedures to compute lower and upper bounds. As initial
upper bound, an approximate solution obtained from an
algorithm with time complexity 0(n3) s used. Then
we consider a class of welighted graphs with applica-
tion to the placement of record on sequential memories
in order to minimize the access time. We prove that,
in some cases, an optimal solution can be obtained by
a polynomial time complexity algorithm.

On n-skein Isomorphisms of Graphs @

R. L. Hemminger, Vanderbilt University
H. A. Jung, Technische Universitat Berlin

Whitney proved that edge 1somorphisms between connected graphs |

with at least five vertices are induced by isomorphisms and that
circuit isomorphisms between 3-connected graphs are induced by isomor-
phisms. Halin and Jung generalized these results by showing that for
n > 2, n-skein isomorphisms between (ntl)-connected graphs are induced
by—lsbmotphisms. In this paper we show that for n > 2, n-skein

- 1somorphisms between 3-connected graphs having (nt1)-skeins are

induced by isomorphisms.



Entry strong components and their applicatfon (in computer science)(ﬁEjb

Karel Culik , Wayne State Qniversity y Department of Computer Science
A flow diagram Fd=<V,E,root,leaf,A,T> is a rooted directed graph
(or multigraph) the vertices of which are labelled by computer instructions, truth
Values,rrespéctively. A vertex v of a subgraph G=<W,F> of Fd is called an entry of
G if vew and there exists weW-Y such that Of,v)sE—E. In G there always exists at
least one entry. A non-trivial subgraﬁh G of Fd is called an entry strong component

(ESC) of Fd if 1) G is strongly connected, and 2) G is maximal with respect to

‘its set of entries. Each strong component of Fd is an ESC but not vice-versa. Any
An ESC with

one single entry is called a loop (in compucer science), Transformations of special

two different ESC's are either disjoint or one is part of the other.

type (which preserve function equivalence of flow digrams) are studied. They are

used to prove that each Fd 1s function equivalent with an almost structured Fd*

(Theorem 4.3) and with a struétuted Fd"(Theorem 5.5).

FORMAL SEMANTIC SPECIFICATION OF DATAFLOW '
\ LANGUAGES (::]
Duc J. Vianney, Harris Corp. & Bruce D. Schriver, Univ. of S.W. Louisiana

A program written in dataflow languages (DFLs) is a directed graph [
in which the nodes are operators and the arcs are data paths along
vhich data values or tokens travel. Since DFLs are built upon the
mathematical notions of function, function definition, function appli-
cation, function composition, ete., it is possible to express the
semantics of a DFL using the functional method to specify the behavior
of the various nodes. 1In this paper we will briefly discuss the form-
alization of DFLs, the concept of the virtual node firing time, and a
system to specify the semantic of a DFL program. An example is included
to show how such a system is being used to obtain the semantic spec-
ification of a dataflow program. This work was part of a larger effort
using DFLs as a tool to model a computer organization and its operating
systems.

References g

1. Duc Nguyen, J.W.Anderson, B.D.Shriver, and R.E.Michelsen, "A math-
ematical model for a virtual machine monitor and its supportive
structure," Proceedings of the Eleventh Hawaii International Con-
ference on System Scliences, 1978.

2. Duc Nguyen, "A mathematical model for a virtual machine monitor
and its supportive structure," PhD Dissertation, Computer Science
Department, University of Southwestern lLouisiana, Lafayette,la.,1979.

DETERMINING TOPOLOGY ITHFORMATION 1H DISTRIDUTLO HETYORKS.
Nicola Santoro, University of Waterloo (ffj
In networks with distributed control, topological in-
formation plays an fmportant role. For example, in packet-
switched stove-and-forward networks, packets leaving a
source are routed to intermedfate nodes; thus, it is essen-
tial for every nonde in the network to have sowe knowledge
of the topology of the network (e.g. the adjacency matrix,
the distance watrix, etc.). In general, information about
the network topology can be usefully employed to develop
efficient network algovithms; for example, the number of
steps needed to synchronize the nodes can be minimized 1
the radius and the center of the network are known. Un-
fortunately, this information cannot be derived once and
for atl. 1In fact, several unpredictable factors make the
topology of the network vary in time. In this paper we
are Interested in determining the center and the radius of
3 network. Several lechniques to find the (optimum) center
of a (weighted) nelwork have been presented in Lhe litera-
ture, but all these algoerithms are centralized ones and not
suited for distributed networks. We present a distributed
technique to determine the center and the radius of a net-
work of unknown topology, starting from an arbitrary node.
We show that the proposed method delermines Lhe center (and
the radius) of an arLItrary network, starting [rom an ap-
bitrary node x, in T(x)+2 steps, T{(x) = (Zr—d)/zj +
d + ¢{x), where v, d and c{x) denote the radius, lhe
diameter and the distance of x from the diametral path,
respectively. Finally, we exhibit a family of networks
which require at least T(x) steps for the determinatton
of the center; this supports our conjecture that the pre-
sented algorithm is oplimal within an addilive constant.

INTEGER AND FRACTIONAL MATCIINGS
Egon Balns, Carnegle-Hellon Univers ity

=

We examine the conunections betwecen maximum cardinality edge matchings

in s graph and optimal solutlons to the assoclated linear program, which we
call maxfwum [-matchings (fractional matchings). We say that a maximum
matching M separates an odd cycle with vertex sct S, LE 8 has no edge with
exactly one end In §. An odd cycle is separable If it §s separated by at
least one maximum matching. We show that (1) a graph G has a maximum
f-matching that Is Integer, Lf and only If it has no separable odd cycles;
(2) the minfmum number q of vertex-disjoint odd cye les for which a maxlmum
f-matching has fractional components, equals the maximum number 8 of vertex-
disjoint odd cycles, separated by a maximum matching; (3) the difference

Collinealions of Frojective Flanes of Ovder Mine
E. Randy Shul) 1 §. M. Whilesides, Dartaoulh College, Hanover NI 037%5

Al presenl there are four projeclive planes of order nine kunoun: a2

Jesarquesian plane, a Hughes plane, and a Lranslalion plane and its dual.

The possible prine divisors of Lhe group ordev of any plane of ovder nine

are 2, 3, 5, 7, and 13, and all these occur in conpeclion wilh the known
. planes. We show Lhal na pew planes of order nlve have collineations of
I order 7 or 13,

Rerlon Count for Stralght Line Cubting of Flat Flpiureg
W, W, Funkenbuach and R. Odendahl, Mich. Tech. Univ

An old and well known problem aska for the number
of reelons determined by n coplanar linen no two of
which are parallel and no three of which are concurrent.
Martin Gardner's Fancake Cutting Problem 1s equlvalent:
Find Lhe maximum number of reglons Into which a pancake
(clrcle) can be divided by n silmultancous cuta?
"Puzz 1elat® Sam loyd asked for "the maximum number
of pleces that can be produced by n simultanecons
cuts of a flat figure shaped like a crescent moon.

We shall derive a Generanl Fancake Theorem for
aplattered batter. (Convex or concave cakes, wlth
convex or concave holes, with convex or concave blobs
of batter in the holes, with convex or concave blobn
in the holes in the blobs, . . . etc.

The udges and facos of a 4-dimenslonnl pnlytupzjff)
. 9. N. Coxelur, Universlly ol Joconto Ef

In 4 dinonslons, the ragular polytopo |p, q, v} bhas p-gonnl
faces: avery edge belonga Lo r ol them. Joinkng the center
af each face Lo the wmidpolnts of 1ts p edgas, one oblalns a
bipartito graph of elrth 2q with aiturnate p-valent and
r-valent vartlces, 1n this manner the spherieal honeycomb

), 2, )] ylelds the Thomsen graph, and the nlmplex {3, 3, ]I
ylelds the Dasargues-Lavi graph. The most intarestlng case i=s
l), i, )‘ llore the 284 edges can be J-colored ao as to provide
Lho Cayley dlagiam for a 3-gonernlor group of order 192:

etucen the cardinality of a maxlmum f-matching and that of a maximum matching o A 2 o 5 il % o o g
l;nt(} 1s one half tlmesys; (4) any maxfmm f—maicl\lng with fractional -t =T - AL T) - (1,7, 7 ) (T, Ty T,) 1.
s.:tmponents for a,minfmum number s of vertex-disjoint odd cycles defines a Thoe generators appear as hall-turns transforning the quaternlon
maximum matching obtainable from it in s steps; and (5) Lf a maximuon x Into -Ix{j ¢ k)/i- _yx(K 4 1).“' —kx(1 .”\/l- respectivaly.
f-matching has fractional components for a set of odd cyclea that is not The Cayley graph, regardless of color, 1s d-regular, of girth 1.
oinimum, there exists another maximum f-matching with fractional componeats I1ts group of automorphisms in [{,’. X, 3]]. of erllay S300:

for o minlmum-cardinality set § of odd cycles, such that 5<Q, 19\sl is i - 1 ( u_’ o )2 tAm“ i

even, and the cycles In Q\§ are palrwise connected by altemating patha. A" = (AB "ADR)" = (A . - 1.

SOME PROBLEMS OM NETWORKS

B. L. Hartnell, Memorial University of Newfoundland

A classic problem encountered by any underground reslistance movement
Is the question of establishing a communlicatlons network among the
members of the resistance which minimizes the effects of treachery or
subverslon of a particular member or members, followed by the consequent
betrayal of other members. The resistance movement can be represented
as a graph in which the vertices portray the Individual menbers of the
movement and the edges represent lines of communication between various
agents. Using th?s model we shall examine varjous aspects of this problem
{For fnstance, w= shall brlefly consider the sltuation when communication
may be one way eniv.}.



CENTRE-COMPANION TREES:  FAST HULTIWAY TREE SCARCIHING A

A.K. Dewdney '
The University of Western Ontario @ . ABOUT TOPOLOGICAL SOLUTTONS OF SYSTEN OF LINFAR EQUATIONS

Given an n-node multi-way search tree T with no outdegree restriction, !
it is possible to construct, in time O(n log n) {ts centre companion
tree C(T) defined recursively as follows: the inilial node of Ty
1572 node v from the centre of T . If there is an arc of T enter-

ing v , choose the branch at v conlaining thal arc as the subtree

NGUYEN KY TOAM, Département de mathfmat lques  and  ADEL, F. ANTIFPA

A SEARCIL FOR NON-DESARGUESIAN PLANES OF PRIME ORDER (?_Q‘j Département de physique, Université da Quibeg d Trola-Rividrea,
(s32)

Joln Wesley Brown add E, T, Parker, Unjverslty of 11)lnods ;
It is conjectured that all projective planea of prime ovder are Desavgueslang
the authors made a llwlted search by computer for a conntercxkample. The known

Trols-Rivifres, Quihec, Canada, COA SH],

lill ilgl:’.g;::ls\?f; Ietllflll lt:ﬁ :“ﬁ ls’ﬁ"‘:ﬂ"t meCh'l?t vll w0 L plancs of orders 13 and 19 have collincations of orders 181 and JBL respectively We devive tason's theorem, walng a topologleal proof which i
2 A i 9 pendar gpcaes.at ¥« Lontinue. his process re- dlsplacing all pofnts and all lines. We considered planes with autoworphisms of compleely Jndependent of Cramer'n rule and 1a based on the
cursively, Joining v In C(T) to v, Vs -y \-',(a in the centres of orders the primes 61 and 127 respectively moving all points and llues In three topologlcal solutlon, recently obtatned, for aystoms of

Tyo T2, -..y Ty respectively. Each time the procedure reaches a sub- cycles each; these are one-third of the preceding fntegers. For the smaller case slmultancous Hinear equatfons.  This Is done by cadilying
tree with one node, it backs up. * we ruled nu:: existence of new plane. Tha large case would have taken an exorbltant paths and clrcults In terms of clementary paths and clementary
Besides pointers to other (T-subtree) centre nodes, each node of (C( ) anount of tilme on the CDC Cyher computer, so we settled for a colllueatlon ginup of i clrenbea; a prohlem of loberent Intercat by ftsel(.

order 381, generated by x * x + 1 and x -+ 19x both modulo 127. The maln part
of the computation was the constcuctlon of a septuple, a quadruple and a triple
of resldue classes modulo 61 including each difference once among these nets.
9.7,4 for order 19.) S A~ W MAXTHUM NUMBER OF PRIME IMPLICANTS FOR A CLASS -3
0f RESTRICTED BOOLEAN FUNCTIONS &
Shigeki Iwata, Sagaml [nst. of Tech., JAPAN

conlains the key information relevant to those subtrees. In the usuval
case of single-key retrieval where the key In T comes from a totally
ordered set, C(T) may he searched in time O(log n). If a node is
added Lo or deleted from T, C(T) can be reconfigured in time O(n).
This may not be a lower bound, however, and 1t remains conceivable that
a 0{109 n) maintenance procedure will be found.

'

2y of prime implicants for boolean
Tree_Expansions of NDTH and Thelr Relation to Probabilistic Turing Machlne@ The maximum number of prime imp '

functfons Is considered. The maximum number has not been
HUinograd Convolutlon Alporithms over Flolte Flt‘”“@ obtained yet. The best lower bound ol the maximum number
ever known is

© 6.0. Mazur, RCA Astro-Electronics, P.0. Dox 800, Princeton, New Jersey 08540

Abstract: The concept of enumerating paths In directed graphs by constructing by " ) + hin,L(nt1)s3)-2)

trees whose paths correspond to those of the divecled graph s applied here in Ln/3) Unen)23) Lne2)/3)

addresslmi] the P=NP problem of formal automata theory. Fundamentally, this Bart Rice ; . . | §y=3
paper builds upon results presented by Kozen {1] in his work on parallelism in Pepartment of Defense . + h(n,{n+2)/3)-2, uhere hi(n,r) = 0 for v<0, h{n,0)=1,
Turing machines (Im's). There, the construction of a deterministic P=NP auto- Vachington, h. C. s ’ n Vo, Lre1)/2)-2)
maton was based upon Lhe concept of spawning conventional deterministic Tm's hin,r) = (I. ] Y Wrin)s2d A

(DIH's) from a glven nondeterministic Tm (NDTM). It Is shown here that this i i - o ‘ v/2d (n-r) Lr

concept is equivalent to the construction cf a tree representing the paths in ren computing In finite flelds of small cln--mctmi:nk, a numbev of the “for 1 < ¥ <n. The lower bound Is 0(3"/n). The best

the transition function of a NDTM — a process to be referred to subsequently convolutlon algorithms Introduced by Winagrad and other "Winopead-1ike” algo- = T

as tree expansion. Since each path In the tree expanslon of the NDIM corres- tithms published by Agarwal and Cooley are elther no longer valld and must be wwper Bound s n Zl(znii )[3." which is ﬂ(]nl-’ﬁ).
ponds to a spawned DIM as described above, the number of leaves In the tree is rerlaced by new alporithms, or else they may be Improved because polynomials Lizn+1)/3]

equal to the fiimber of OTN's reguired to ;!mulale U;E NDIM. Wence, if b Gl vhich are Lrveducible aver the fleld of ratlonals N may [actor over Einite (2n /

q 2 q b ’ Y P flelds. We derlve new algorithms In a nunher of these cases. In additlon, We consider a class of restricted boolean functions and

Ing the constructed tree one could reduce the number of leaves to a uvantity W "

po?ynomially related to the depth of a polynomially time-bounded HDIH, then we discusa some of the “artlstic" consideratlons Involved {n constructing show that the maximum number of prime implicants s

Hinograd convolution algorithms, fuchuding (1) the use of the notjon of n _
"transposing the tensor”, which seems Lo have heen Ignored hy all authors l_nl?]) for the class of restricted boalean funclinus.
except Winograd himself when welting on this subject; (2) the simplification he maximum number is 0(2"//W). He construct a boolean
of that part of the discussion which Involves the Chinecae Rematader Theorem; n

and (3) the dertvation of "sub-optimal" alporithms which use more multipli- ! function in Lhe class consisting of (lnl?]) prime
catlons than the theoretdical minimum but which reduce the nunher of "multl- implicants and then show that the maximum numbey in Lhe
plicatlons that don't count”; i.e., multiplications which are fgnored by the
computatlonal complexity theory but which In fact occur.

P=NP would be solved. It Is shown that this approach Is, however, likely to
fall In that an exjonential amount of pruning would be required In order to
satlsfy the above hypothesls, In so doing, the concept of a prababilistic Tm
Is derived, and it is shown that such automata are capable of accepting lang-
ua?es accepted by polynomlally time-bounded NDTH with non-zevo probability in
polynomial time. In conclusion, some consideration is given to the problems : o
assdclated with developing algorithms for probabilistic Tm's. ' class does not exceed (l.“/“)'
(1) Kozen, D. [1976]. “On parallelism in Turing machines,” IEEE Foundatlons
of Computer Sclence Symposium, 17th Annual, louston, Texas, pp. 089-97.

A Clucs of Sell-Organlzing Legyuential senrch sclicmos ) : GRAPUS AND QUADRATIC PSEUDO-BOOLEAN FUNCTIONS*
Richard Tiomes and Anron Tenenbown, Breoklyn Colloe @

Generalized Quadrangles as Group Coset ticomebries Peter L. NHamwer, Unlv. of Haterloo @
This paper presenta a pgenernl clnss of olsorithms for Stanley E. Payne, Minml University ?
dynamlenlly mointaining & nequentinl conveh file in Approx- We study genernlized quadenngles of order (s,6) which contain o point Connections are estahlished between the problem of max-
imuta optimul order. Tt inciudes as particular caces the P for which there Is s group Gy of collinentions rlxing all Vines imizing an unconstrained pseudo-Boolean function and finding
well known "move to front" and "trancposition” methoda, Tho through p and acting regutariy on the net of 8°t polots nol ¢ollinear 3 maximum stable sel of a graph. The special case when this
schomen nre chown o be lincarly ordered wikh respect ho cer- vith p. A coordinalization for such quadrangles of order (s, o) is connection associales a quadratic lunftlon to a graph lﬁmis
twin asymptotic performance mensurvdes for n spnelal elasa of studled and used to glve an {ndependent. veri fieatlon of Kanlor's Lo the investigation of the class of "quadratic graphs.
scorch probability dintributions, with the move to front exmmples ascociated with the simple group Ga(n) Cor 8 a prime pover The class of graphs for which no simplification can be de-
rule at one cnd of tho npectrwn ond the troansposition rule congruent Lo 2 modulo 3. In his examples the poinl p is ahown Lo be rived from Lhe knnwledge of 3 certain cla‘s.s of linear wajor-
at the olher, FEvidence i given that cureensts that the na- the nnique regular polnt. ants of the quadratic "stability function" of the graph is
ymptotic averape cenreh tisas are similorly ordered. ’ characterfzed. Many of the results have heen uhtalnedI in

collaboration with B. Simeone and P. lonsen.



EQUILIBRIUM ALGORITHMS FOR TRANSPORTATION
NETWORKS WITH STOCHASTIC LINK COSTS
Warren B. Powell and Yosef Sheffi, MIT

This paper deals with the problem of assigning’
origin-destination trip rates to a transportation net-
work. We assume that each link of the network is
associated with a cost that is a function of the link's
flow. We also assume that users do not perceive the
1ink cost accurately but rather model the link costs as
random varfables distributed across the population of
trip makers. We show in this paper that the problen
can be cast as a minimization problem. We also suggest
a solution algorithm and prove its convergence. [In the
last part of this paper we strengthen the conclusion in
some of our earlier work with vegard to the merits of
the additional effort involved in performing stochastic
equilibration versus a deterministic one -- this effort
may not be justified for high levels of congestion. This
and other points in the paper are demonstrated with a
small network example. \

The European Aircrew Assignment Problem (ifijij)
G.A. Tingley, SWISSAIR

The scheduling of European airline crew members consists of indivicual
assignrent of the crew member to tasks, called retaticns, which are
chains of flight segments which can be legally flown by scme, if not
all, of the crew members. The rotations last five days, typically, in

the European sector. These rotations are in effect overlapping, staggered

shifts. This is different from Lhe North American situation where
monthly “lines of work" are prepared by the airlines and then put out
for bid by the crew members.

This is a quadratic assignuent problem. 1t is similar Lo the minimum
longest finishing time machine scheduling problenm, but with ihe compli-
cations of non-indcpendent tasks, non-interchangerable precesscrs, and
preassignments. The incompatibilites among tle Lasks and the indivi-
dual restrictions on Lhe processors provide difficulties in achieving
a complete feasible solution,

Ho exact solution methods have been implemonted in the airlines yet,
however some approximate methods arc in use. They usually decempose

the manthly problem into daily subproblems. Sowe of these are described,
together with a recently proposed method based upon a rolling schecule
approach, using the out of kilter algorithm and Phitip Hall's theorcm,
to overlapping daily subproblems.

On the Complexity of Some Minimum Path Cover Problems
SINEON NTAFOS, The University of Texas at Dallas
Dilworth's theorem relates the size of a minimum path cover for the
vertices of an acyclic digraph G = (V,E) to an independence number
of the digraph. In this paper, we attempt to generate Dilworth-type
theorems for situations where additlonal vequirements are placed on
the path cover and/or restrictlons are placed on the paths that can
be included in the path cover. Furthermore, the algorithmic complexity
of these problems is considered. In particular, we look at the problems
of finding minimum path covers for a) a set of required pairs/paths of
G, b) the vertices of G when a set of {mpossible palrs/paths is specified
for G, c) a set of vertex subsets V. c V and d) the vertices of G when
* an upper limit is placed on the length of any path in the cover.

A O(n) ALGORITHM FOR FINDING A SUBGRAPH HOMOMORPHIC TO K,
GD

In [1] a theorem is given which characterizes a graph as non-
Re-

p.C. Liu, Environplan, Inc.
R.C. Geldmacher, Stevens Institute of Technology

Abstract
Yeducible if and only if it contains a subgraph homomorphic to K,.
ducibility is defined in terms of transformations which gencrate a
coalescing process of the vertices and edges of a graph. These trans-
formations are: replacement of a dangling edge uv with u, replacement
. of two series edges uv and vw with uw, replacement of a loop vv fith v,
and replacement of two parallel edges uv and u'v' with uv. If G' is
the resultant graph after applylng the transformations to a graph G un-
til no longer possible, then G' is reducible if it consists of a single
vertex. Othervise G is nonreducible. If G' = G then G is irreducible.
If a graph contains subgraphs homomgrphic to K the algorithm will
jdentify a set of corner vertices of one. such subgraph. The algorithm
employs depth first search with back tracking and has time and space
complexities proportional to the number of vertices of a graph.

"Graph Reducibility", Proceedings of
Graph Theory, and

{1) Pp.c. Liu and R.C. Geldmacher,
the Seventh Southeastern Conference on Conbinatorics,
Computing.

A Problem on Complements and Disjoint Edges in a Hypergraph (EZ)

Richard A, Duke raul Erdgs
Georgia Institute of Technology Mathematical Imstitute of the
(currently visiting at Emory University) Hungarian Academy of Sciences

We conslder various questions inspired by the following conjecture:
“"Let G be a k-uniform hypergraph on n vertices with £ k-sets as
edges. If the complement of each set of k-1 vertices contains at least
k edges, then G has two disjoint edges." 1t is easy to see that the
conjecture is true for k =2, 3 and when 2k . It is also true for
sufficiently large n. Examples which we have
by P. Frankl,show that the conjecture Is not correct in general, but many
questions remain, 1f the conjecture Is mot true for a glven k, what is
the smallest value of n = nﬂ(k) for which a counterexample exists? What
s the smallest value of £ = E(k) for which there s a counterexample?
What is the smallest value of n (k) such that for n > n (k) the con-
jecture is true again? Finally, what Is the smallest value of E(k) such
that Lf the complement of each (k-1)-set contains f(k) edges, then G
has two disjolnt edges? Our smallest counterexamples have k > 6 with

and £ < c'kﬁ and £ > 2k/2,

n =

n < ck2 or with n < 3k

found, and others constructed’

CYCLE STRUCTURE OF AFFINE TRANSFORMATIONS OF VECTOR SPACES OVER GF(p)

Ivo 6. ROSENBERG, CRMA Université de Montréal (5%

Let p - be prime, m positive integer and V. the m-dimen
space over GF(p) (i.e. the set of colum m-vecto?s over p = lsi?v?]py??tori
with componentwise mod p and scalar mod p multiplication), K self&ap" |
@i x+>Mx+ N (xe V") where M s an mxm matrix over p and H e pM
is called affine. The problem is the abstract characterization of an affing l
map in terms of the associated digraph ; in particular its cycle structure
if M is non-singular. The question arose in the context of finite univer-
sal algebras. We show that cyclic affine permutations exist if an only if

m=1 or p=m=2. Similarly we discuss the i
A St .pm_‘ case of affine permutations

FURTHER RESULTS IN THE TEEORY OF
PERFECT SYSTEMS OF DIFFERENCE SETS
Jean ¥. TURGEON, Université de Montréal, CARADA

The theory of perfect systems of difference sete has progressed
in several directions in the past yesr: existence of small
components, a partial proof of Erdds' conjecture, conatruction
of additive sequences of permutations of various types. "
Recent results of Abrham, Desaulniers, Kotzig, leufer, Rogers

&= and myself shall be surveyed.

Title: The Boxicity of a Graph @
Author: Margaret B. Cozzens Rutgers University

Define the boxicity of a graph G, b(G), to be the
smallest integer k such that ? is representable as the inter-
section graph of boxes inIR(k . This concept has applica-
tions in a variety of applied areas: alrplane maintenance
scheduling, determination of ecolopical niche space, amino
acid formation in protein molecules, etc. 1In this paper we
prove that determining the boxicity of a graph is an NP-
complete problem. However, for rigid circuit graphs the
boxicity is completely determined and a polynomial time algo-
cithm 1s given to determine if b(G)<k for each k. It is also
shown that ‘he Toxlclty of a rigid clrcult graph Is less thru

i

or equal to Ei— where n=lv(ﬂ)| and less than or equal tol%
where o is the Independence number of G. 1If G is a spli
graph (both it and its complement are rigid circult) with
- depgree sequence of .=dl;dzzu .24 and m=max {iid1>l~1},
then b(G){I%I. "
[;‘denotcs the least inteper greater than or equal to x.



Levelling Terrain Trees:

A Transshipment Problem |
Arthur M. Farley, University of Oregon !
' |

The problem investigated Is that of planning a set of truck loads to
redistribute earth from high points to low points of a proposed road net-
Such problem situations are modeled by terrain graphs - a class of
is presented
which determines minimum-load, minimum-cost levelling plans for an arbitrary

work.
(vertex and edge) labelled, undirected graphs. An algorithm
terrain tree. The algorithm can be implemented to have time complexity
of the order of the sum of the number of high and number of low points
(i.e.,” the number of vertices) in the tree. The problem solved hy the
algorithm is an example of the (uncapacitated) transshipment problem
restricted to trees. Linear Programming methods which solve the trans-
shipment problem for general graphs have time complexity of the order of
the product of the number of high points and (sources) and number of low
points (sinks).

Applications of an algorithm for networks (2??9

M.L. Gardner, North Carolina State Univ,

We will briefly describe an efficient algorithm for finding
all the min-cuts of a network and then apply it to problems in
warehouse allocation, database management and network reliability

FOR ROUTING RAIL HAZARDOUS

NETWORK ANALYSIS OF A NATIONAL POLICi
MATERIAL SUIPMENTS

Theodore S. Glickman, Ph.D,

U.5. DOT/Transportation Systems Center

Alain L. Kornhauser, Ph.D.
Princeton lniversity

The restricted routing of hazardous materials shipments on the
nation's railroads has been proposed as a possible means of re-
In this analysis, a simulation of

ducing the associated risk.
the historical transportation patterns is obtained using a
network model and a sample of shipping records. Altered

patterns based on different degrees of population avoidance are

then generated. Railroad-based estimates of the changes in
carmiles, average haul, population exposure and expected
casualties are computed for each case, The tradeoff is made
apparent between reductions achieved in population exposure
Vs. tigher accident rates resulting from diversion to poorer
-~ track.

& Univ. of Michigan

AN 0 E. ALGORITHM FOR COMPUTING (&Eﬂ ,

TRANSITIVE REDUCTION OF A PLANAR DIGRAPH !

Sukhamay Kundu, Bell Laboratories '
There have been numerous attempts in the past
twenty years to obtain efficient algorithms for compuking the transi-
tive closure of a digraph. The first transitive closure algorithm was

given by B. PRoy in 1959 which was subsequently rediscovered by
Warshall in 1962. The current renewal of interest in the transitive
closure/reduction problem has its origin in two recent discoveries by

Munro and Meyer in 1971 and by Aho, et al, in 1972. They showed
respectively that the transitive closure problem is acmputaticnally
equivalent to boolean matrix multiplication and Is also equivalent to
the problem of computing transitive reduction, provided the digraph is
acyclic,

In this paper, we present a linear O(E) algorithm to compute the tran-
sitive reduction of a planar acyclic digraph, where E equals the
number of arcs. The best previously known algorithm for computing
transitive reduction of a general acyclic digraph has the time bound

O(Ua‘a). where V equals the number of nodes, and uses Strassen's ma-
trix multiplication method. For sparse digraphs, another algorithm by
the author has the best time complexity O(V.E ). where E. ¢ E denotes
the number of arcs in the transitive reduction' ' '

The planar digraphs forms the second such class of digraphs for which
linear transitive reduction algorithms are known to exist, the other
class being the digraphs whose transitive reductions are spanning
directed trees. The algorithm given here demonstrates an
interplay between the topcloglcal concept of planarity and the alge-
braic concept of transitive reduction. While the algoritihm for planar
digraphs makes explicit use of a fixed (but otherwise arbitrary)
planar representation, the algoritim for the other class of digrdphs
does not assume any apriorl knowledge of their special property.

VERY NON-(TRANSITIVELY-ORIENTABLE) GRAPHS AND PARALLEL
ALGORITHMS WITH CONSTANT TIME FOR COMPARISONS.

Roland Higgkvist and Pavol Hell*, Rutgers University.

The following problem arises in testing consumer pref-
erences: A linearly ordered set of n elements is given,
and one is to discover the order (respectively discover
its largest element) by performing binary comparisons
arranged in two rounds: In the first round a set of com-
parisons is performed, then the answers are evaluated,
and apother set of comparisons is formulated for the
second round. We prove using probabilistic methods, that
there exist sparse graphs for which every acyclic orien-
tation has a dense transitive closure. It follows that
it is possiPle to arrange the comparisons so that a total
of only 0(n¥ log n) comparisoni will suffice to sort the
set. In contrast, it takes nd comparisons to discover
the largest element. We also obtain lower bounds and
generalize our results to k rounds. The problem can be
viewed as one of calculating the minimum number of
parallel processors needed to sort (respectively find

the largest element of) an n-element linearly ordered

set in k time intervals.

tnteresting

C-GRAPHS ARE RECOGNIZABLE AND E[X;E»RECONSTRUCTI\BLB@
R. D. Dutton and R. C. Brigham D¢ F

We define a C-graph as a graph which possesses a set of
K 2 2 nodes which induce a clique while all edges not in the
cliqgue have exactly one end point in that set. It is then shown
that every simple graph, no loops or multiple edges, is either
a C-graph or it possesses as induced subgraphs at least one of
€4, T4, or Cs where Cp is the cycle on p nodes and Ep is the
complement of Recognition of C-graphs from either the set
of node-deleted or edge-deleted subgraphs is possible. Partial
results concerning node-reconstruction are presented as well
as the general result that all C-graphs are edge-reconstructable.

ON ROTATION NUMBERS FOR COMPLETE BIPARTITE GRAPHS Gi}j

€.J. Cockayne¥ Univ. of Victoria, Victoria, B.C., Canada
P.J. Lorimer, Univ. of Auckland, New Zealand
Let

G be a simple undirected graph which has P
vertices and is rooted at x. [Informally, the rotation
number h(G,x) of this rooted graph is the minimum
number of edges in a p vertex raph H such that for
each vertex v of W, there ex?sts a copy of G in H
with the root x at v. 1In this paper we calculate some
rotation numbers for complete bipartite graphs.

1

]
. _FINDING LARGEST CONVEX SUBSETS G
V. Chvatal and G. Klincsek® McGill University
A set of k points in the ordinary plane is sometimes
called convex if it consists of the vertices of some convex
k-gon. J. Michael Steele asked for an efficient algorithm
to find the largest convex subset of a prescribed set of n
points. The purpose of this note is to present a dynamic
programming algorithm performing this task with time and
storage requirements 0(n3) and 0(n?), respectively.

Random polytopes and random linear programs’
Douglas G. Kelly, University of North Carolinﬂ@

We consider a class of probability distributions on
linear programs in n variables with m constraints; this
class includes most of the random-generation schemes used
in testing and comparison of versions of LP algorithms.

We derive an integral expression for the expected
number of vertices of the feasible region of a random
problem. This leads to asymptotic upper and lower bounds
that show that the expected number of vertices is, for
large m and n, linear in m and approximately of order
(n to the power n/2) in n.

These results have connections with recent experi-
mental results on the expected number of simplex pivots
needed to solve a random linear program.



Trees in Dirvected Graphs and Hypergraphs
Stefan A. Burr, City College, CUNY, N.Y., N.V.

The following theorem is proved: Let T be a
tree on n points with its edges oriented in an
arbitrary manner. Then %ny directed graph with chro-
matic ngmber at least n has T as a subgraph.
(The n can be improved.) This result can bhe ex-
tended to hypergraphs; an application of this to
generalized Ramsey theory for graphs is given.

Ramsey Numbers of Graphs with Long Tails (525)
Stefan A. Burr (C.U.N.Y.) and Jerrold W.

University)
A simple canonical 2-coloring of the edges of K

x
shows that the ramsey number of a connected graph
be at least r = (p(G) - 1) (X(G) - 1) + s(G) , where_
is the number of points of G , X{(G) 1is the chromatic
number of G , and s(G) is the minimum, taken over all
X (G) -colorings of the points of G , of Fhe number of .
points in the smallest color class. It is shown that 1n‘
fact the ramsey number of G is r if X(G) > 3 and G
has a sufficiently long tail emanating from one of its
points. ) o
LOGICAL AND MATROIDAL DUALITY IN COMBINATORIAL LINEAR PROGRAMMING -
T. A. McKee, Hright State University [2'=)

p{G)

During the last dozen years, a number of papers have appeared
dealing with a combinatorial version of the Duality Theorem of
Linear Programming and fts relation to Minty's Colored Arc Lemma. ‘
While the usual statements of these results are both colloquial and
colorful, this paper provides syntactical restatements from which
their underlying structure and similarity becomes more evident,
They are shown to be "logical principles” involving the interplay

between logical and matroidal duality.

This report deals with a finite Krein-Milman property
for closure systems which occurred in some unpublished work
on abstract convexity a number of years ago. If has per-
sistantly reappeared in various contexts: integer pro-
gramming, ordered spaces, semilattices, chordal graphs.

It can also be formulated as an "antiexchange" law (hence

Antimatroids .
Robert Jamison-Waldner, Clemson University

the title) and has a number of other useful reformulations.

The principal goal here is to collect the kn9wn equiya~

lences to this property, to discuss some of its applica-

tions, and to describe the main situations in which this
a finite matroid

property occurs.
T. A. Dowling, Ohlo State University

The numbers Ik of independent sets of size Xk in a finite

matroid have been conjectured to form a unimodal sequence. We
describe a stronger conjecture and establish some partlal results.
A consequence iz that the sequence satisfles the log concavity

property
Ii z Ik-l Ik+l

On the number of independent sets of

for k <7 .

of the minimum degree ordering algorithm (MDA)
positive definite lincar systems.
% theorems are also proved.
Grossman (Oakland mass elimination techniques used (n most modern implementations of the
MDA (for example, sparse matrix packages of Waterloo and Yale).
recently they have been used by the author to prove that an implementation
of the MDA [1) automatically provides a block column storage scheme for
G must the Cholesky factors which

(1]

A CHARACTERIZATION THEOREM FOR THE LOCAL
BEHAVIOR OF THE MINIMUM DEGREE ALGORITHM

azp

In this paper we prove a theorem which characterizes the local behavior
for general symmetric
Several equivalent graph theoretic
These theorems establish the validity of

David R. McIntyre, Cleveland State University

Also,

is optimal in the sense of having the Fewest

number of diagonal and off-diagonal dense blocks.

REFERENCE

Alan George and David R. Helontyre, On the Application of the
Hinimum Degree Algorithm to Finite Element Systems,
SIAM J. NUMER. ANAL. Vol. 15, Ho. 1, 1978.

K-TREES: REPRESENTATIONS AND DISTANCES
Andrzej Proskurowski, University of Oregon

a

A class of graphs that can be constructed from a k-complete
"base" by iterative addition of a new vertex adjacent to some k hd
completely connected "old" vertices is called k-trees. The iter-
ative construction can be represented by a Ik*ii-dimensional tree
with nodes corresponding to (ktl)-cliques of the k-tree. Another,
mora specific representation is the recursive representation involv-
ing associating consecutive integers to the vertices of the k-tree
as they are appended to the constructed k-tree.

Using the notion of a "cable" consisting of k vertex-disjoint
path between two vertices of a k-tree, we define the k-cable distance
is a k-tree. He discuss the values of the shortest-path and the k-
cahle distances between vertices of a k-tree in terms of different
representations of the tree.

BICYCLE REALIZABILITY OF A DEGREE LIST*

Kabekode V.S. Bhat, Comp. and Info. Sc., Ohio State Uniy.
Parviz Rashidi, Comp. Sc. and Engin., Pahlavi Univ., lran

An elementary modification operation in a tree that
preserves its degree list §s defined. A characterization
for bicycle graphs is presented. Using the elementar
madification operation and properties of bicycle grapgs
a simple set of necessary and sufflcient conditions for
a list of integers to be degrees of vertices of a bicycle
graph are derived.

e

Graphs Which Arrow the Pair (Tm,Kn). (jiig)

A. D. Polimeni, H. J. Straight, J. E. Yellen (State University College,
Fredonia, NY 14063)

Abstract. For an arbitrary tree T of order m > 2 and an arbitrary
positive integer n, Chvital proved that the ramsey number

T(T,K“) =14+ (m-1)(n - 1). For graphs G, Gl
and qZ‘ written G (Gl,Gz), if for every factorization

and GZ’ we say that
G arrous G

G =

1
R@ B, elther G

It is shown that:
- (1) for each % > 2, K1 £ ol = 1§ty = .03
for m > 28 - 1 and n > 2.
- + H is
(2) Kl + T 1 = 13 E(ll) (T,K“). where any

tree of order m - 1, m > 3 and n > 2.

1 is a subgraph of R or G2 is a subgraph of B.

- E(Ky) + (T,K )

It is further shown that result (1) is sharp with respect to the
inequality m > 2% - 1, and result (2) is sharp with respect to the

order of Il.

BALANCED RAMSEY NUMBERS (fi}f) |

G. Chartrand and L. Lesniak-Foster*, Western Michigan University
C.E. Wall, 0ld Dominion University

For graphs Gl and G2 § the balanced ramsey number rb(Gl, Gz)- .
is the least positive integer n such that if p>n and K = Fl & F2
is any factorization of Kp for which |q(Fl) - q(Fz)' <1, then
elther G1 < Fl or GZCi F2 . Balanced ramsey numbers are determined
for several pairs of graphs G] and G2 .

CHARACTERIZATION OF THE MATROID POLYTOPE |
BY MEANS OF THE INTERSECTION PROPERTY (703 |

GILBERTO CALVILLO. Banco de México, . A.

The convex hull of the independent sets of
any matroid has been characterized by Jack Edmonds as the
solution of a system of linear inequalities and also, in
a more geometric way, in polymatroid theory. In this paper
a rather different characterization is obtained using the
concept of intersection property, introduced in a previous
paper. The characterization is as follows: A polytope P
corresponds to a matroid if and only if P is contained in
the unit hypercube and

a) if 0<x°<x' and  x'eP then x°P
b) For any integer k and any 0-1 vector q, the
Eolytope obtained by intersecting P with the

yperplane qx=k has no fractional vertices.

Graceful Graphs: Some Further Results and Problems
K.M. Koh & D.G. Rogers, Homyang Univ., Singapore

We review recent work on graceful graphs and pose some
further problems arising from this.



Automated Guideway Transit (AGT) systems can be de-
ployed in a wide spectrum of applications ranging from
simple loops and shuttles to complex grid networks.
Among the considerations for defining cost-effective
- deployments are such concerns as network and route
design. When are one-way links used in preference to
two-way links? How many routes are feasible with given
vehicle fleet size constraints? What performance mea-
sures relate to the efficiency of network layout? MWhat
are the best computer representations of the networks?

For alternative failure management strategies, the
number of routing alternatives (disjoint paths between
any pair of nodes) is significant. Criteria have to
be developed for the number of crossovers and bypasses
to employ. Specific applications are discussed, in-
cluding the Downtown People Movers, Airtrans, and
Morgantown, ’

Research Topics in Automated Guideway Transit
Arthur §. Priver, U.5. Dept. of Transportation

AGT GUIDEWAY LAYOUT AND EVALUATION
Jim Thompson, General Motors Transportation Systems Center

During the process of developing an AGT system deploy-
ment, one of the major design problems is to establish
guideway routes and station locations. While a body of
sohpisticated optimization theory and associated computa-
tional techniques exists, these techniques presume a set of
well-defined criteria of optimality. In practice, selec-
tion of route and station locations is an iterative and
frequently political process in which the criteria applied
can be subjective, poorly defined, and often contradic-
tory. In such a situation, the engineer needs the capa-
bility to model his basic data (e.g., geographic, demo-
graphic, modal split and performance information) and
then quickly test alternative solutions. As much as
possible, he should not be constrained by built in, a
priori assumptions about how results should be aggregated,
manipulated, or displayed. The use of graphic should be
emphasized for both data input and output since non-en-
gineers are usually involved in the decision-making pro-
cess. Finally, the system should be capable of inter-
facing with a variety of external computer programs or
data sets so that existing, locally calibrated models
and data files can be utilized directly.

ALTERHATIVE ROUTING ALGORITHMS FOR AN AUTQMATED GUIDEWAY TRANSIT SYSTEM

@@

~ David E. Benjamin l Vought Corporation |

The AIRTRANS people mover system at the Dallas/Fort Worth Reglonal
Afrport is the largest automated guidewny transit (AGT) system in

the world today. fThe system w-s built by the Vought Corporation in
the early 70's and went into revenue operation when the Airport
opened In January 197h. In the AIRTRANS system, 68 fully automated
vehlcles operate over the 13 miles of single lane guideway. The
complex system includes 33 diverge and 38 merge type switches, 48
stations and a total of 702 control blocks. While early system cen-
ceptual designs examined the possibility of implementing vehicle
routings which would be responsive to passenger demand, the system

as built operates strictly with fixed routes. None the less, the
ATIRTRANS system seems ideally suited for some sort of demand respon-
sive service policy. AS part of the Urban Mass Transportation
Administration's AIRTRANS Urban Technology Program, alternative demand
rasponsive routing algorithms were examined. This paper will discuss

" the development that went into the algorithms which were studied, the

results of the computer simulation analysis of the various algorithns,
and a comparison of these results with the currently implemented fixed
route schemes.

I

INTERACTIVE TRANSPORTATION SUPPLY MODELLING @

WALLACE W. WHITE BOEING COMPUTER SERVICES CO.
The purpose of this paper is to present a description of graph
theoretical and combinatoric tecﬁniques used in an interactive
surface transportation model developed and currently in use at
the Boeing Company. The final segment of the paper presents a
discussion of some unsolved (in the practical applied sense)
problems for this area of application.

Minimum Cost Route Selection
F. Hadlock, Florida Atlantic University

A branch and bound algorithm is developed to select from

a list of potential routes the set which minimizes total sys-
tem cost (combines both operating and travel time costs). The

algorithm could be used for selecting routes for fixed sched-

ule service in a small automated guideway transit system.

BOEING AGRT ANALYTIC NETWORK MODEL (zi])
by Gregory Snider'@nd Alice Chen, The Boeing Company

During development of the Advanced Group Rapid Transit (AGRT) system,
the analytic network model has proven itself to be a reliable and useful
analysis tool. -The steady-state model 1is interactive, quick, and
relatively inexpensive. The latest generation of the model consists of a
set of three sequential parts: a file generator, a computations section
and a report generator. The file generator is used periodically to
prepare network-specific calculations, while the remaining portions are
run-specific and are utilized for each case. Network-specific calcu-
lations include a minimum-path algorithm and a demand expansion to
assure station correspondence. The computations section consists of a
vehicle scheduling mode option (scheduled or mixed demand-scheduled
operation) and a pooled-inventory balancing scheme. Finally, the report
generator allows specification of the format and content of outputs.
Examples of model operation from the analysis of a 50-mile network are
provided, Operational service policies which are to be added when the
model is revised are also covered.

The Impact of DESM Simulation Strategy on System Performance
Roy B. Levow, Florida Atlantic University

In this paper we first briefly review the architecture
of the Discrete Event Simulation Model (DESM) model processor
subsystem. We then examine the influence of the model pro-
cessor architecture on the capability of the DESHM system to
handle sgecific design features and scheduling protocols for
automated guideway transit systems. Finally, we discuss a
simple approach to extending the capabilities of DESH within
the scope of the present system architecture and comment on
the limitations inherent in the suggested approach.

Queueing Theory in Transportation Engineering: A Tutorial
Robert B. Cooper, Florida Atlantic University

It seems reasonable that the mathematical theory of queues
should be applicable to the construction and analysis of
models of transportation systems. The purpose of this talk
is to give an overview of queueing theory, with emphasis on
its strengths and weaknesses as a modeling tool for trans-
portation engineering. The ideas will be illustrated by
consideration of a simple model of an AGT network in which
the capacity of -a station is determined by assigning the
probability that a vehicle will find the station full.

The talk will be informal, with the intention that its di-
rection will be guided by questions and comments from the
audience.



